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M.Sc. .Jona F. Arsall 

Yield-1Laiting proc.ss.s in covpea 

(!!e! unauiculata (L.) ~a1p.) 

cultivar Vita-5 

Plet Scieac:e 

Studie. ver. undertaken to better define yield-lillliting 

proce .. es a .. oeiated vith the low functional activity of 

cowpea (!!&!!!. ungdiculata (L.) Walp.) peduncles. 

Twenty-tvo cultivars were examined in order to asse .. 

peduncle activity. For the cultivar Vita-5, in which 60% of 

the peduncle sites did not remain productive, studies on 

suspected yield-limiting processes were conducted. 

. Cbemical and !Dechaniea! treatmenea aimed at modifying 

apical dOtllinance vere performed and had favorable effects on 

agron~ic yield. 

A model of competitive inhibition between reproductive 

units was also proposed. lt was observed that 8 competitively 

strong reproductive sink could divert large amaunts of 14C 

assimilates fram a source generally associated with another 

reproductive unit. 

'nte implications of these findings for crop improvement 

are discussed. 
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Jobn ,. AraaU 

De •• t .... liaitantel .u rend_nt daxut 

le ~ unauiculata (L.) Valp. 

cultivar Vita-S 

Plant ScieDCtl 

Ce. 'tude. ont 4t' conduite. afin de aieux d'finir le • 

.,roee •• u. phy.iologiques reti.!. aux activit.!s fonctioneUe. 

de.· p4doncules du !!I!!!. U!lI'!iculata (L.) Walp. en tant que 

.facteur 1 iai tan t du rendement. 

Viqt-deux cultivars ont ·.!t' 'x_ids pour detet"lliner 

l'activit' pédonculaire. Pour le cultivar Vita-S, 60 % de. 

site. ~onculaire8 sont d .... ur •• improductifs. 'Dea 'tude. 

sur le. proce.sus sU8ceptible. d 'Itre li.aitut ont 4t4 

re.lia'e.. De. traitement chiaiquea et alcaniques visant A 

tmelifier la dominance apicale ont produit des 'ffeta favorable 

.ur le rendement agronoatique. 

Un mode 1 d'inhibition comp'titif entre des unitl!s 

r'productives a .'té propolé. Il a ete oblerv4 qu'un 'puit' 

fortement comp'titif pouvait mobiliser d' iltlpOrtantea quantités 

d'assimilats de 14C d'une Bource associé a une autre unit' 

reproduc t ive. 

La discussion porte aussi sur l'application des resultate 

obtenus en vue d' ameliorer -le8 rendements de cette culture. 
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1. IRTIlODUCTION 

Protein i. one of the .ajor cOIIlponentll of human nutrition. 

lDadequate intake of this dietary coaaponent il 1 major cauae of' 

_lnutrition, and iu continued abl~nce cao result in serious iUnesses. 

In developing countries, plants represent a very important source of 

prote in, .. inly because adequate inteke Df animal protein is limited by 

the finaneid meana of a large part of rural populations (El Baradi, , 

1975). 

Id a source of hu.an food, grain leguœes (or pulses) are aecond 

1 only to cereal., and are nutritionally two to three ti.JDes richer in .. 

proteine eonsequently. they have contributed enormously over the 

centuries to balancing diets hign in cereals and starcby fooda. A8 

di.etary ca.pon.ent., tbese crops geueraUy have .. ino acid profiles which 

are COIIPlaientary to tbose of riee, corn. and otber cereal grains; and, 

in . the caee of tuber 1 root-bued die te, grain legumea are known to 

provide virtuelly tbe 80le source of available protein. In a protein 
i 

huaary vorld, the, griln leguael are obvious candidate~ for increa.ing 

the production of plant prote in. 

Thi. fact is.11 reeopized by the PAOi tlho, in tbe PrtWisional 

lDdicative World Plan for Agricultural Develo,.ent, .tree .. d the vital 

iaportanc:e of increa.ing the output of cbeapar sourc~()f queUty 

protein and the i.aediate potential of grain lesu-e cropt for filling 

this need (S.-dield et al., 1974>-' '!'he iaportance of tbe pulsee, --
&ad tesu-e crop. in ,.ueral, i. rendered even .ore evident in lignt of 

their use of nitrolen-fixing bacteria to .. et their neede for nitrolen 
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vithout fèrtilizer •• 

~ltipurpo.e crop plants abound in the Legumino.ae (Is1ey, 1982). 

" They are molt commonly consumed a. mature dry .eede (pul.es), but same 

of the se same species are a!so eaten as ÏDIIIature green seed. or as 

greenl pods vith the aeedl enclosed. So1De grain legumes - IUch as 

soybeans, peanuts, and YÏnled beans - are also rich in oil. Still 

others have Ieaves which uy serve al a pot herb or green fodder 

(Sational Academy of Sciences, 1979), 

~ 

l'be cowpea (Vigna uuguieulata (L.) v.lp.l il one lueh erop. lt is 

.n ancien~ neolithic crop grown throughout the tropics and subtropice 

•• • pulse J a vegetable, a pot herb j for fodder, .nd .s a cover erop 

(Pureeglave, 1968; ~chie and ~bert., 1974; Summerfield ~ .~ 1974; 

Steele and Mehra, 1978). Throughout Africa, cowpe.s are generally used 

.. en inaredi.nt in thiek lOUp. or gruel vith other vegetables, i~ fried 

or .t •••• d be.n cakes, or in v.riou. oth.r reaionally prefene~ 

preparations (Suaaerfield !! al., 1974). 

In all Afriean dieta in wbich they are u.ed, eowpeas are iaportant 

for th.ir nutritive value. Johnson and Ra,.and (1964) report that the 

_ture ... d. of covpe. conta in on averase 12% water, 23-24% protein, 

0.7-1% oil, 18% fibre, and 57-88% c.~ydrate,. S~rfield et al. --
(1974) r.port that tbe percent ... protein in covpea .eeds varies between 

19 _ 26 pere. nt , vith upper liaits of up to 35% haviùl b.en reportee!. 
1 

.. vith .a.t seed 1e,,-8, covpea ta defieient in lulfur-containins 

_ino acids. Vith appropriate ca.pJ.e_ntatiouj suppl_ne.eion, 

ho ... er, it i. possible to raise the protein value to 95% tbat of ell 

.~ (Boult.r .!!!l., 1973). ln terIU of aal.no aeid eOlÇl_nt.tion, 

, ' 
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the hilh lysine content of cowpea 8eed i8 very important in low-lysine 

eereal-bued diets. 'nte role of cowpea is even more vital, however, in 

the protein-deficient root and tuber diets of hUlDid Afric.. It compare8 

favorably to protein of animal origin, with'an adjusted protein content 

of 15% - a ~alue uaed by Schmitt (1979) in estimating the contributions 

of individual food items to total protein supply, using FAOIWHO amino 

acid scores. In addition ta their ÛDpOrtance 4S an energy source and 

.. .ource of protein, cowpeas are alao important for their calcil11l 

(90ma/lOOg), iron (6-7mg/100g), nicotinic acid (2mg/lOOg) and thiamin 

(O.9œa/l00g) contents (Platt,1962). 

The covpea ia chièfl~ ~rtant in Alrican cereal-farming sy8~em8 

where the mature pods, young leaves, and pod. are eaten, white the 

haut •• are fed ta livestock. In th ia context, they are often 

intercropped vi.th .orgh ... or pearl 1IÙ11et CSteele and Mehra. 1918; 

Su.erfie1d !!. !!.., 1974) • Modern centre. of dry .eed proddction 

include West Alrica. (primarily Migeria), India, and Bruit; white low 

arrouoaic productivity and labQur-intensive harve.tina have led to its 
> 

replaceaent by .ore ea.ily harvested species of greater produetivity in 

the USA (WOlfe and Kipps, 1959). 

ln a11 area. of production, aeed yields of cowpea have always been 

inconsistent and thi. haa been thousht ta be due .. inly to variations 

in the proportion of reproductive .tructures that actually reach the 

.t:ure pod stace (Summerfield !!!l., 1974). OjehOtIIOn (l968b) reports 

that 70-801 of buda are .hed before anthe.i.. Flower abortion i. atlo 

considered to he re.pon.ible for a con.iderable decrea.e in leed yield 

(Ojeba.on, 1968&, 1968b, 1912). Though the plant bal the ability ta 

----
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coapen.ate for flover lOIs by the aetting of more budl, the seope of 

recovery appearl to be limited (Ojehoœon, 1970). 

Thi. phenamenanis in no way restricted to cowpea, however. The 

food legumes are notorious for their profligate 1088 f",f flower buds. 

flovera, and young pode. ev en under the most sophisticated agr'onomie 

conditions. This abscission during the flowering and fruiting period 

in the grain leguaes is often greater than 50%. In 80ybean {Glycine 

!!!!. (L.)Merr.), the most videly studied grain legume, the total 

reproductive abscission has been shown to range a8 high as 81% and 

co~nl,. wll over 60% (Van Schaik and Probst, 1958a,1958b; Hardun, 

1970; Brevedan.!!!l., 1978; Hansen and Shibles, 1978; Wiebold !!!l., 

1981) • 

Observatio'ns of a cOliparable order of IUgnitude have been .. de for 

a nu.ber of srain !eau- species of both teaperate and tropical 

adaptation: Araehis hwpa (peanut) (Saith,1954; lIhag, 1970); cajan.us 

cajan (piseon pea) (Maray_ad Sheldrake, 1976); Cieer arietinUl'll 

(chickpea) (Saxena and !beldrake" 1976); Phueolus vul,aris (field beans) 

(webster et al., 1915; Grah .. , 1918); Vicia faba (broad bean) (Lave., ...... - --
1974i El-Beltasy and Hall, 1915); Vip. -go (!mas bean) (Sioba, 1977). 

A great deal of re.eareh .ffort ha. "-'directed tovard detenainina 

the cause. and control. of pr ... ture ab.ci'lion of leru-e flover. and 

fruits (..ang othara, Van Stevenick, 1957; Oje~, 1968&, 1968b, 1970, 

1972', 1975; Weigle et al., 1973; Webater et al., 1975; Acledipe et al., -- -.,..-, --
1976; Huff and Drbins, 1980i Ott.lana ad Ad.di,.. 1982). ~erall. it 

vould appear that Auch n(Nl!rI and youq fruit ... y he lon beeau •• a 

larle proportion of a •• üailates are aaque.tered by earlier for.ed fruits 

.' 

-------~ .. _---------- ~~-
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(Adedipe !!.!!., 1976; Tamas !.!!!., 1979b). Several studies .ppear to 
.' 

indicate that abortion and absci8sion are not inherent characteristic8 

of later-formed buds, flovera, and fruits, however, since these will 

generaUy becorae reproductive if earlier-formed flovera or pods are 

re.oved (Van Stevenick, 1957; Ojehomon, 1970; Sinha, 1977). Rather it 

..... that later-formed rep~uctive structures are developed to offset 

loa.es ·of reproductive productivity which might occur due to 10a8 of 
Il 

earlier-fonaed pods (fro. insect predation, for example). When 

.uc,ce •• fui develoa-nt in etrlier-for.ed fruits does occur, however t 

theae fruits appear to produee cheaieal signale which prOIIOte the 

abortion of youuser reproductive structures, particularly when theae 

are in the .... inflore.cence (Van Steveniek, 1957, 1958, 1959; T .... 

~ !l., 1979a; llaff and Dybiq, 1980). A reaulatory influence of older 

., fruita Oll the abacilie acid content of younger fruitl h .. been 

su .... t.d, for exa.pl. (Port.r and Van Stevenick, 1966; T .... !i !l., 
1979a), thoulh there are reports that the.e conc.ntration. of ABA .. y 

mt be related entir.ly to the degree of organ .heddilll .2!!. !! (Porter, 

1977) • 

aelardle.. of the Mchattisa, hovever, it i. accepted that the 

periad"of anthe.i. and pod .. ~ in grain leau-e. i. indeed' characterized 

by an abundattt 10.. of flower bud.. open flowrs, and u-ature pods 

(Su..erfield and Wi.D, 1980). Pu~~h.rJ aeveral reporta relate this ta 

a nu.ber of ,enetic aad enviro_nul variabl .. : erop variety, (Van 

Schaik and Probat. 1958a; .Adedipe aM Orm'od. 1975) aoil 'IIOhture, 

(St; .. rt, 1976) te.perature, ad photoperiod CYan Schaik and hobat, 
1 

19S8b; Ojeha.on et al., 1968; Stewart, 1976). ID plleral. lt appeara --- ,~ 

/ 
; 
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warm (>30%) 0; cool «lSOC) air temperatures, a, dry atmosphere, water 

stress, and. for short day species, long photoperiods, are particu1ar1y 

unfavorable during anthesis and pod set (Stewart !! al., 1980~ 

Despi te the obvioU8 10ss of yield from abscised flover buds. 

flowera, and young pods in cowpea, it has been suggested that an 

unjustified bias in research activity has been focused on this 109s in 

'theoretieal yield potential' - the charaeterization of which may be of 

only limited practical significance in the realization of yie1d 

potential <Summerfield ~ al., 1983). It i8 in fact true that legume 

yielda depend upon both vegetative and repro4uctive components, as 

outlined in Figure 1. In more or le88 determinate cultivars of cowpea, 

the conbibution of aome of the.e components to ultimate seed yield are 

deterained by the tLDe the plants come into firat flower (~henological 

potential). Henee. it ha, reeently been ,ulauted that theae companenta 

.ay be equally. if not .ore, i.,ortant in yield analysi., thouah they 
. 

are very aeldoe referred to (S~rfield ~S!! .• ). 
The recent findina' of Stewart!!.!!.. (l980Hend support to such a 

view, at,l.a.t for deterainete covpea. In enviroaaent. conducive to 

either ... n, inte~diateJ or ".ry larse aead yiald. (ranse 42-98 

I/plant) theae worker. d.-on.trated that thera va. littla "ariation in, 

the likelihood of pr ... ture ab.ci •• ion of flower. froa .pacifie points' 

on an inflor •• ceftee. "'rthar. the pr ... ture ab.ci .. ion of novera and 
~ 

i-.ture pod. did not appear to be the •• t {.portant factor liaiting 

yield aeeretion in aeneral. 

t 

. ... 



1. Humber of nodes per plant (N) ->Vegetative growth x d~ration of 
pre-flowering period 

2. % of N which become and remain reproductive 

(1 x 2) • PHENOLOGICAL POTENTIAL 

3. Number of flowers per reproductive 
4. '% of F which set pods 

node (P) .f.Number of pods pet 
} reprodutive node (p) 

5. '% of P which are retained 
6. Number af seede per pad (S) 

(3 x 4 x ~ x 6) • REPRODUCTIVE EFFICACY 

7. % of S which attain maturity <-----> Carbon and nitrogen supply 
8. Mean seed veight ----> Mean seed grawth rate x duratian of pod-fill 

7 x 8 • YIELD CULMINATION 

Therefore yield per plant • (1 x 2) x (3 x 4 x 5 x 6) x (7 x 8) 

Plaure 1. eo.poaenta of .eed yield in .ore or les. determinate leguaea 
(After Su..erfield .ad Wien, 1980). 

Soae ~f tb •• e finding. are presented in 'l'able 1. Averaged over 

aIl treataent cOllbinac'ionl, the preucure abaciuion .of pedunclea Ca 

fuaction of tbe n~r of v.le~ative nodes whieb become reproductive) 

reeluced yield potentia1 by about one tbird, white the la .. of open 

flower. a~d ~tur. poeI., taken .. parately. did not ineur a. gr.et a 

10 .. (23 and 16 percent, re.pectb,ely). Tbh .aa shawn to he 

,artic.ularl!! true of tho.e plants _ich vere It'OV'Q in enviroftllenta 

. ,particularly unfaYOral;»le for .ead yield (33/190C at both dayIenltha). 

ID'th •• e inseance. peduacle ab.ci.lion contribueed over 501 of the la •• 

in tbeoretical yi.ld potentiat, while 10 •• e. due ta the .ubsequent 108a 

of npt'octuctive structuree vu 1mCh lowr. 

7 

o 



( 

(t 

.' 

Table 1. Iffecu of enviromle1ltal treatlllent combinations on the 
cu.ulative 10s8 of yield potential (%) after succe •• ive 
st.,e. of develo~nt (mean. of 6 replicates). 

Daylength and day/night temperatures(OC) 

Cumulative 10s8 of 11 h 40 min 13 h 20 min 
yield potential from 

8 

reproductive nodes 27/19 27/24 33/19 33/24 27/19 27/24 33/19 33/24 

Reproductive nodes 100 100 100 100 100 100 100 100 
Pedunele absei.sion 78.7 81.0 45.1 67.7 15.8 77.1 47.1 54.9 
Pedunele + flover 

abscission 69.5 52.9 20.6 41.4 49.9 44:2 21.1 37.2 
Pedunele+flower+pod 

ab.cission 36.9 30.3 10.5 26.8 32.5 27.4 18.0 23.0 
Seed yield{g/plant) 86.0 68.0 42.0 67.2 97.2 64.0 44.0 65.1 

• 10.s of reproductive potential calculated relative to t~e yield which 
would have been produced if aIl the nodea that becaae reproductive on 
plant in different rest.ea (a yield potential of 1001 in each ca.e) had 
r.~ained aIl tbeir peduncle., open flover., and u..ature pod •• 
(froa Stewart et. al., 1980) 

.. 

In lipt of theae obaervationa. the present inveatisations wre 

unclertaken to obtain a better underat81ldina of the pbenololical 
.~ 

potenti.al and the proce .. ea which underlie ita apre.don. 'lbe firat 

experiMnt _ a acreenin, of cowpea cultivars, deaiped in order to 
Il 

assess the .. veri~y of peduncle inactivity and to deteraine a ba.eline 

for farther inve.tisatian. 

... 
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2. lIPD.IHD'f 1: CULTIVAa SCJtBliUIC 

2.1 Iatroductioa 

ro ...... yariou •• 'plct. of th. pbnoloaical potntial in cowpea t 

• cultiv.r .creenilll va. perfon.d. To facilitate c,OiIprehen.ioa of the 

work andertaken, .n introduction to the pl.nt ia pr.MI1ted • 

.... 

2".1.1 'Ibe plat . OJlti •• ted CCNpe.' are .labrate ...... 1 1 ..... of 

.hrubby, trailina. pro.trate. and cliJlbina; 'l'beir aemutiOil 18 

epi .. al, thoup ,the cotyledou do DOt perd". FollowiDa .. raiutiOll, 

the prt.uy le .... _ich an pA~t iD the ~t -l'Ta 1 l'p .. a 

pair of .iapU, entire, oppo.ite 1......... 1.'bue are follORd .,. 

alternate. pimtate1y trifoliate 1...... ca.poeed of ahortly-stalkad 

lanet., 5-18 ca loaa I11III 3-16- CIl tri .. , _icb an Haar, baceotate,. 

or broMly or urrowly CJ'NU in "pl. ......11y _tin. ad 1rroüly 

.,. rte or rouadecl .t the ~. with the leafleea ar ..... Uy taperiac ta 
~ . 

e pointecl tip (St .. t. aDd .. ", 1918). Iach luf ha thne baU la 

ie. ail, _. a.alU. euly ar-th ta iDjured, ota1,. the ceD.tral 'bacI 

...... tG prodace eitlMrr • peu.eiaU,. iMeten:iMte, -.opoclial brUllcb 

or a r.c ..... iafloN .......... ~ ..-rat, ... M .... will .... CNt ~. 

the ulla of the peir of '''le. oppoaite 1..... .. .... tirat ~ or 

tIlfte trifoliau leaft. of tIIe .... U ... 

.... 

, 
"-

1 

-.c· ... 
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2.1.2. lbe ~reeceDCe libere an inflore.cence develop., it il a 

. cCJllPOUDd race. coapo.ed of several lIoeHfied si.Japle rac_ .. (OjehOlDOll, 

1968a) on a 10-25 os Cup ta SO ca) peduncle. Bacb simple rac ... bas 

6-12 flonr bud •• but only the aldelt paire develap, leaving the 

~irader ta depuerate and proctuce a 'cuabioD nectary' whicb i. visible 

bet_eu the two flowrs of .ach sÏlllple racelle. 'nte p.dUtlcle tip a. a 

ca.pouad raceme ia .een as a swol1en axis rare1y longer than 2.5 ca long 

1Ibich beara fi.,.. or aix alt.emate flover .ets arranged in acropetal 

on.r. (hly two or three flavers in each cOllpOUtld racelle typically set 

fniu, cile amy flover buds , open flover~1 and ü.&ture pods are shed 

(Ojetu.on, 1968b). 

thm floral prï.rdia deftlop, the patterD i. rather disei1lCt: (a) 

priamlia rcpan.iOll; (h) e.rPDCe of the coroUa tip abov, the calyz; 

Cc) ..,...nOQ of the carolta iDto a tilbtly clo'.4 sre •• tructure j (cl) 

claan,e of the coroUa &0. ,"eu ta 1Ibitel ..auvel pale yellov; (e) 

_chad.; (f) petai collap .. ; <a) dilcariiDa of the cO'l"oUa (aeneraUy 

wichiD ~trfour hour. of aa.th.d.) (l'iaure 2). 

MDet c:ulti"ar. produce tIOl'l-debilC.ellt pod. 12-20 ca loua and the .. 

ar. cl i "'1"" iD calour &ad ""pe. a. are th, .. ed. wlaich they COltt.bs 

__ tbeJ _tunt (Sc .. la aM Hllu.-a, 1978). 

1 
l 
, 
l 

1 
1 
~ • , 
~ 
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Figure 2 

Diagr .... cic represent.tion of the deve10pment 

ofQ a single fl.ver bùd of cowpea 1: 
l' ,0 

(legend a-g, see text) 

(froœ Stewart, 1976) 
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2.2 ~t.rial. and Methods 
'. 
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2.2. 1 Plant material and environmental control In the SUlllDer of 

1980, a greenhouse screening of severa! of the current best covpea 

cultivars (arising fram Nigerian cowpea breeding programs and obtained 

from the International Institute of Tropical Agriculture, Ibadan) vas 

performed. The plants were grown in an environment si.mulating their 

lieu of selection, using many of the husbandry and manage1llent techniques 

previpusly described for the growing of this species under su.ulated. 

bropical conditions in controiled envirooments (Huxley and SummerfieId, 

1976; Summerfield!!.!l.. 1977). As these workers point out, sueh 

environmentai controls in crop physiology experLae~ts are mandatory in 

order to yie Id findings which are useful as an adjunct to field 

-i,eaearch, vith plants elosely resembUns those gro~ in tropical field. 

in tenu of reproductive ontogeny and overall morphology (Su...erfield 

!!.!!.., ,22,. eit.). 

AlI plants vere henee grown at the mean values of daylength and 

aeteorologieal IIcreen day and night temperatures of the main growing 

<lJ 
seuon at Ibadan, Nigeria (from Huxley and SUlllDerfield. 1976). The 

~le ~ning vas conducted in the SaDe section (floor area 6.4 x 7.7 

a; 3.7 m high) of a ~ompartmentalized Standard 'Lord and Burnham' 

glasshouse. The plants were maintatned as nearly as possible at a 

day/night tempe rature regime of 30 <tSOc) 1 2l(t lOC), a twelve hour 
,1 . , 

thirty minute daylength, and a relative hwaidity of 70 (:1:10)%. The dark 

period vas achieved by uae of blackout eurtai~, while humidity was kept , 
hiSb by periodie floodiq of the greeDhouse fl~or and 8praying of the 

. 

• 
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2.2.2 Plant bu.bandry 

plutic pot. containing a draiu.aae layer of clay chips and a John Innea 

Pottinl COIIpo.t no. l (Bat, 1976). l'he _diunvaa soakecl vith water 

t.enty-four hourI prior to the .ovina of three uninoculated .eeda per 

pot. Sevan days alter _raence J the plants were thioned to ~ per 
'\ 

pot and fertiliaed then, a~d once veeltl,. thenceforth, vith a 

wat.er-.oluble c~rcial arade f0rB11ation 00-10-10), yieldina 300 ppa 

of nitro8an per application. 
. 
Planta vere .talted and tied a. neée •• ary. 

,.' 

2.2.3 Pe.t control ID tems of pe.t control, the followi.llI .a.ure • 

.. ft eurci." in order to IlillÏai.u th. effect. of eztraaeous factors 

on data variability: 

(a) A11 pot. vere .oabcl Ut a -.île! chlorine .olution" ~5% bleach) one 

bour. aUoved to dry. tben rinaed and e!ried prior to uae; 

(b) Ail banche. u.ed _re .crubbed vith a .ild chlorine solution(SZ 

b lea.c:b) prio!: to UH; 

(c)' Population. of the c~ ,l ... hou .. pe.t. rad .pider aite 

(T.tralllchu. ~rtica. IDch.) .. r. kept. ill check by .che4uled 

applications of Pen tac sœwp (aiticide). 

\. ,---

f , 
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2.2.4. B!J?eri.etltal de.ian and data collection All treatt.nts 

(eultivara> vere laid out in two block.. in a randOllized coap1ete black 

deaip a,ain.t a possible north/aouth lÏght gradient. Plant o.ntogeny 

v .. ~il:or.d claily by recording (frOlll emergenc!!, through to IMturity) 

the follaving characteristicI: node appearance (that is t wben the leaf 

aubl:elldina a given DOde expanded). peduncle appearance at a given nade; 

no..rlna at a ,iven peduncle site; fruit set at a ,iven peduncle .ite; 

aM, _en appropriate, the on.et and actual abacissiora of a peduncle 

(Plate 1); in addition 1:0 the dey. to _rlence, lirst anthe.i., and 

berve.t. Yi.Id data .... allo taken. 

Analyse. of variance vere perfor.ed on ail variable, and Duncan " 

mll:iple raap testa vere perfor.ed on .. lected variable •• 

( 
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llate 1 

Drtelo..-atal .tap. of cowpea pla1lt.· 

la ftOde appeara1lCe ( vith an arrov pointiq to 
the ne.ntly expanded 1.af) . 

lb pedUllcle appearance at a given node (with m 

le: 

14 

arro. pointins to tbe elODlatins pecluocle)' 

ape« of a eowpea peduncle showing ( left to 
riaht) a young pod, tvo flowring dt •• 
and a .. ture flover 

ab.cillion of a youna cowpea pecluncl. (vith 
an .nov pointina to the ab.chalon layer) 

.. . 
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2.3 ".ult. aad di,cu'lion 
". 

For the plant attributes recorded, sianilieant differeneee .mone 

cultivars lNIre observed (Table 2). 'lbe difference. vere leu acute far 

the earUeat growth .tage (emereenlfe) but even 'this d. signifieant 

(p<O. 02). A bLock effect wa. noted only in the caae of the IIIOre 

variable trait. (peduncle m.uaber and the percentage of non-functional 

peduncle si~ea). 

Table 2. Sipificace 1ave1l of aeveral plant atrributel for 
tweuty-t;wo eultivar. of cowpea (!!e! uyuieulata 
(L.) Walp.) 

_&_-
P1attt attribute hob >F C.V. 

Variety Block (1) 

Day~ to _rlence 0.02 0.28 15.0 
Day. to anthesil 0.01 0.82 5.3 
Day. to harveat 0.01 0.49 4.5 
Pedunc le nuaber 0.01 0.01 17.2 
Percent non-functional 
peduncle aites. 0.01 0.02 20.8 
Pode per plant 0.01 0.37 12.6 
Seed. per pod 0.01 0.04- 12.1 
Mean le.d _ipt (111) 0.01 0.47 9.0 
S..d weipt (,/plant) 0.01 0.63 14.5 

• represent tho.e lite. vhich, thouJb beeoailll reproductive, 
fail to cOlltdbute to yi.ld. \ 

... -------------------~ 
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10 exe.plify the differences between cultivarl, a numbér of plant 

-attribut.s are pres.nted (Table 3)., For example, a 3 day, 17 day, and 

" 3~ d~ differ,nce va. noted betwen extremas for days to emergence, 

firat anthesia, and harvest, respectively. Yie1ds, expressed as grams 
1 

per plant, vari~d substantially nom a low of 13.4 (for cv. TVu 76) to 
1 

a h igh of 41. 2 1 (for cv. Vita-). Most important for this study, 

bowever, W8e the perc~ntage of non-funetional reproductive sites, whieh 

representa those sites which though becoming reproductive, failed to 

contribute to yieid. For the majority of cultivars, it is obvious that 

very fev of the potenda1 reproductive ~sitesmaD4ged to contribute to 

yield. This was especially pronounced for such cultivars as Vita-5 and 

TVx1836-013J, which were found to have a non-funetional status for up 

to 60% of th,ir peduncles. Based on the findings, the variety with 

the greatest percentage of non-functioual peduncle sites (Vita-5) vas 

. cIJoaea: for further ltudy. 1 

Vita-S La delcribed by the International Institute of Tropical 

A,riculture (l.I.T.A.) as a moderately high""Yielding cultivar vith 

exceptionally good tolerance or resistance to major diseases and 

inaecu. !t. creury white seede are of IlÏze clus 5 (smal1 to 1III!dium 

lue). vith above average protein qua lit y , average protein content, and 

very good consumer aceeptability. 'l'be variety besins flowering 42 days .. . 
after pl~lltina uader field conditionl, which cOlllpa~es fairly vell vith 

tbe nu.ber of days recorded her.. lugesting a fairly accurate 

j 
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) 
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table 3. Select" plut attributea fol' twe1lty-two cultivars of 
eovpea (!!&!!! uyuiculata (L.) Walp.). 

19 

aaltivar ------Day. to-----~- Yield % B.r. 
Emel'gence anthesis Ranest (g/plant) ped. .ites 

Vita 5 4 c 47 fgh 84 cde 16.8 hi _60 a 
TVx1836-013J 5 abc 48 efgh 78 defg 19.9 fghi 59 a 
TVx1999-02E 6 abc 52 cdef 78 defg 27.8 bedef 46 a 
TVx1948-01E 4 c 47 fgh 78 defg 21.8 defgh 45 ab 
Vita-J 4 c 60 a 104 a 41.2 a 45 aD ... 
TVx2907-02D 4 c 56 abc 93 b 35.5 ab 43 De 
TVx66-2H 4 c 55 abcd 85 ed 24.2 defgh 40 Ded 
TVx2949"'01D 6 abc 48 efgh 87 bc 29.9 bed 39 bcde 
TVxl850-01E 5 abc 52 cdef 77 defg 19.1 ghi 38 bcde 
TVu 76 5 abc 47 fgh 17 defg 18.3 hi 37 bede 
Ife-8l'ouen 6 ab 48 efgh 82 cdef 19.9 fghi 3S bcde 
TVx289-46 7 a 59 ab 83 cde 33.4 bc 33 bcde 
TVxl999-01F 4 c 48 efgh 77 defg 21.9 defgh 30 bcdef 
TVx2939-09D 4 c 44h 80 cdefg 28.9 bcde 28 cdefg 
TVx3218-02D 4 c 50 cdefg 76 efg 22.4 defgh 27 e4efg 
TVu 76 4 c 44h 7lg 13.4 i 26 defg 
TVx29 12-011 D 5 abc 54 bcde 84 cde 25.3 defgh 26 defg 
TVx7-4K 5 be 51 cdef 77 defg 20.6 efghi 23 efg 
Vita-4 5 abc 52 cdef 79 cdefg 27.1 cde fgh 17 fgh 
TVxl 57 6-01E 4 c 47 fah 76 défg 22.4 defgh 16 fgh 
TVx33-IJ 4 c 49 defgb 80 cdefg 22.6 defgh 13 sb 
TVx3048-01D 4 c 45 ah 73 fg 17.4 hi S h 

% M. P. • % non-funetional 
Fipre. repl'e.ent the _ans of tvo observations. 
Duncan'. new aultiple l'anse te.t. 
Within colusm., .an. vith the .... lettel' are not significantly 
4ifferent at alpha-o.05 

~ 
~ 

Detailed ob.el'Vation t~Jhout the experï.ental period allowed for 

,the '-wing' of pedlJQCle activity fol' thh cultivar (Fiaure 3). 'l'bough 

the two replie.tel .. re ditfel'eat iD .~ l' •• peet. J the overan pictul'e 
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Piaure 3, 

DiaIT_tic representation of cowpea cv. Vita-S: 
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i. siahar. Peduuc:le activity for the majority of peduncle sites 

appe.ra to have been arreated (that is, the peduncles ceased to 

elong.te), suppreaaed (that Î8, peduncles came into. activity only wen 
" - " active sites had cealed maturing), or ceased (that h, abscission), 

while relatively fev peduncles became and remained reproductive. 

In both instances, the plants had developed a large number of 

vegetative nodes which failed to have an associated peduncle which 

contributed to yield (83%, average). 'nlough it might be assumed that 

the vegetative structure vas required to obtain this yield levei t it 

"as observed that the plants vere not senescent at harvest, ,uggesting 
t 

that not aIl mobilized and current assimilates were used for yield 

Accretion. 

With the plants laid out in two dimensions as in the diagram, 

another feature is alao apparent. 'l'11.e lower third of the plant (that . 
ia, node 3 and below, including branches> vas responsible fl>~ 

contributing the majority of the peduncles which contributed to yield. 

When translated into terms of actual:yield, the bottom, Middle, and 

top thirds represented accumulations of 80, 0, and 20%, respectively. 

Dlis il presented in Figure 4 Along vith. similar observations for the 

other cultivars screened. lt can -be seen that for this cultivar, and 

indeed for a good number of the other cultivars, that the lover third 

of the plant accumulated a high proportion of the yield. TIle findings 
< , 

v.ried eon~ iderab ly a11lon~ cultivars, and though very fev of the 

cultivars expressed thi, characteristic as strongly as Vita-5, the 

~ott01ll thirds of the III&jor~ty of the cultivars were shown to be 

'responsible for over 60% of the yie ld, accU1IIUlated • 
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Figure <4 

Pereént of yield accumulated by the top. Middle, and 

bottom thirds of plants for twenty-two cultivars 

of cowpea (Vigna unguiculata (L.) Walp.) 

(means of two replicates) 
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tiaeu aver.pd over all the v.rieties exaai.ned. the bottOli. aiddle • 

.ad top thirda vere found to contribute yield proportions in the order 

of 64, 15, and 21 %, respectively. The author suggests that for .. ny 

cultivars, and Vita-5 in particular, the activities of the upper .. in 

.t __ y interfere with the reproductive producti~ty of tbe lower .t. 

DOde •• Whi1e contributing fairly little to yield. 
"-, 
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B .. ed on the fiudillls of thb screenil18, the cultivar Vita-S, 

MMDI a very hiJh' level of peduncle inactivity, vas .elected for 

further study. 

In thi. variet" it vas obaerved that relatively little yield va. 
, .. 

coutibuted by the upper two thirds of the plant, despite the preaenèe 

of aeveral potential sitea. This obaervation vas quantified for aIl 

the varietie. te.ted and vas oba.rved to he true for the .. jority of 

the_ cultivars. lt vas suaested that the activities of the .. in .t_ 

.. y have li.ai.ted the reproductive productivity of the lover st ... node 

branches. lt vaa also observed that a large .Jl1œber of pedunclea 

.ppe.red to he inactive due to the .ctivitie. of rel.tive!y fev. 

laaed on th... filldiqs, two lines of r.se.rch vere chosen to he 

eoaduct.d uaina cv. Vita-~: 

(1) To .atabliah the rote of braachiQI aad apical cto.iUDce in yi.ld 
.. 

• ecretion (bperï..ental Seri •• 1. Section 3). 

(2) To eatabli.h • aode \. (noll .... ch ... tic.l) for 'intra-.i.nk' 

coapetition bet .... n pedullc1e site. (bperiaeutal SUies Il. 

Sectioa~). 

'J , 
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3. EXPIIlIM!lft SEaI!S 1. A POSSIBLE ROI.! FOR APICAL DOHINAlfCE AND 

BIAlfCHING IN YIELD ACCRETION BY CœP!A 

3.1 lDtToductiou' 

3.1.1 Apical doainance A characteristic feature of plant development 

is that ..ore apical shoot meristf!1U are 'initiated than fully develop. 

Of theae, the apical bud meriatem generally grovs much dOre vigorously 

than the lateral, often axillary, bud meristema. Notwithatanding 
,,~ 

variations according to age,' species (Phillips, 1975), nutrition.al 

status (Gresory and Veale, 1957; Woolley and Wfreing, 1972~,: HSht 
\ 

intensity (Woolley and Wareins. ~. cit.; Phillips., 19~9), and 

photoperiod (Phillips, .2!.. ili.), ~~ is fea.ible to say that al1 

axiUary buds are .ubject to inhibition by the apical bud. 'l'hia 

inhibition of lateral bud. i. referred to as apical dominance and ia 

releaeed by decapitation (Th~ and SkooS, 1933). 

nt. Drosophila of fund_fttal plant physiololY, lesu-s have been 

use~ .altitude of expert.ents relatins to apical dominance (..ana 

aeny o~s. Sbein and Jackson, 1971; Everat-Bourbouloux and Charnay, 

1982; Vm Staden and Carai, 1982). Siailarly, in crain lesu- speciel, 

decapieation bas been perfor.ed 'At different stages of grovtb in order 

" , 

to ai.ulate bail in jury , inaect predation" or to deHne the 

spetio-te1lpOral effects on branebina and yield: covpea (!!zedinaa, 1973a; 

Stewart, 1976), piaeon· pea (Tayo, 1982), and soybean (Greer and Anderson 

1965; a.uer et al •• 1976; Taya, 1980). Dependina on the stage of Irovth . 
and eeveral other factors, varioua yield r.spon •• s (inhibitory, 
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Itiaulatory, or neutrat) vere reported; but in aIl of thele etudies 

decapitation re~lted in the stimulation of branching. 

Although early investigators of apical dOlllinance phenomena, 

e.pbasized the importance of nutrients and water supply in the 

regulation of latera! bud development. (Gregory and Veale, 1957).~. 

considerable evidence has mounted against the view that nuttient 
1. 

availability and supply underly this meehanism (Goodwin and Cansfield. 

1967). Though nutrient atatus in ~he plant i8 probably involved, ~he 

correlative lignaI would appear to have a prLaarily hormonal ba.is. 

3.1.2 Hox.one involvement in, and grovth reguI_tion of apical dominance 

Soon after tbe discovery that auxin was synthesized in growing. 

apical bud., 1'h imann and Skoog 0933,1934) repor ted tha t exogenous UA 

(indole-3 acetic _cid) could substitute 
1 

for the apical bud in 

_intaining axiUary bud inhibition in bean plants. AlI cla •• es of 

pbytoholWOfte. have since been iaplicated as havirÎg a l'ole in or an 

influence on apical dOllinance or lateral bud outsrovth; "though for .0IIIe 
th •• e funetic>ns :bave not •• yet been finaly established CWickaon and 

Tbi .. nn, 1958; Catalino and Hill, 1969; Phillips, 1971; Yeana and 

Bi11asn. 1982). A .ianificant di.covery in thi. respect ha,.been the 

~.. observation that direct applications of Iynthetic cytokinin~ to 

iahibited bud. of a nu.ber 01 speciel can e!idt their outgrowth 
/----

(WicklOll and 1'bWann. 1958; Sacbl and 'l'himann. 1964, 1967). 

Exploitation of this r •• ponle ha. beeft investisated for a maaber 

of horticultural .,eciel. in _ich the atitallation of tateral bud 

• 
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d • .,elopaent cau reprelent a major input. With eeveral flodcultural 
• 

lpeci.e, for exaple, the current practice' for producing potted plant8 

involve. the pinching and remaval of terminal buda in order to induee 

branehinl, both to improve the shape of the plant and to increase the 

nullher of flovers produced (Jeffcoat, 1977/ Foliar applications of .. 
the synthetic cytokinins BA (6-benzyl aminopurine) and PBA (6-benzyl 

a.ino-9-(tetrahydropyran-2-yl)- 9H-purine) have been reported to 

sti.ulate branching in a nUlllber of ornalllental crope including: 

Rhododendron 'pp. (aulea) (Jack80n and Di!1&le ,1971); Dianthu8 .pp. 
'IIi 

(cernation) (Jackson, 1975; Jeffcoat, 1977); Chrysanthemum 

Ipp. (chrysanthemum) (carpenter and, carlson, 1972; Jeffeoat, 1977); 

Pelargonium hortoruœ (geranium)(Carpenter !! al., 1972); Photinia 8pp. 

(photinia) (Ryan, 1974), Euphorbia puleherima Willd. (pointsettia) 

(Jeffcoat, 1977), and.!!!! spp. (ro,e) (Carpenter and Rodriguez, 1971; 

Faber and White, 1977; Chkawa,1979). Many studies, that of Acati !!: 

. al. (I980) &IIOng others, reveal that several eytokinins, if applied 

optLaally, will sucee.sfully replaeè' the handpinehing of floricultural 

eropl and ~y, in fact, Iti1lU1ate the &rowth of lateral buds, and 
, 

eonsequently flovering sites, vbieh would not gener.lly develop after 

handpinchill8. 

Otber &rowth-reaulatina ehnieats which are l10t synthetic hot'llOll8' 

an tbouaht to or 1tnown to interfere vith apical dcainance. 'rhe eff.ctl 

of TIBA (2,3,5 - trÏ'iodobenzoic acid) on partial 10 .. of apical 

dcai:nmce in ,oybeane va, Uret noted by Galaton (1947). Sever.t other 

observerl have furthér IUbltautiated thi. daim (Hicks !!.. !l., 1967; 
. 

a.uer et. al., 1969) ad the ~e of action ha. ,iace Nen batter - -
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qualifi.d. Sev.r.l r •••• rcber. bave demonatr.ted that TISA ace. aa an 

idtibitor to UA tr.nsport vithin tbe plant (Hay,1956; Niedergang-«amien 

.nd Skoog~ 1956; Zvar and Rijven, 1956; Niedergang-Kamien and Leopold, 

1957). 'When auxin l'lIOvement from tbe terminal bud on a sboot is blocked, 

tbe lateral buda are tbougbt to he released from inhibition and grow 

out into side sboots • Tbe application of TIBA has been found to 

• timulate grain yielde for a number·of grain legume speeiea: cbickpea 

(Sioba and Ghildiyal, 1973); cowpea (Ripp and Cowley, 1969); pigeon pes 

(Reddy and Zabeda, 1979); .oybean (Bauer !!, al.,1969; Clapp, 1973); 

though the afore __ ntioned cbanges in erop tIOrphology may not bave been 

re.parisib le. 

3.1.3 (J)jeetivea 'l.'hÎl s.ri.. of erperiments vas undertaken ta 

detenaine the role that .pical dOlllinance and branehina aiabt play in 

yieid aecretion by eowpe., using cbeaical and .. nipulative treaement. 

knoWll or tbought to he imrolved in r.tÎle .. ing axillary buda from 

inhibition • 
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3.2 Material. and Method • 

.. 
'lhit .ection de.cdbes the materials and _thod. wbich vere coaaon 

,. 
to .. ny or .11 of the experiments which vere conducted in this .erie., 

in order to Avoid undue repetition. 

3.2.1 Experimenta conducted in standard glauhouse& For dl 

experiments conducted in the "standard glasshouses, techniques a. well 

a. the .ite vere identical to thOMof the cultivar 8creening (Section. 

2.2). 

3.2.2 !!periment. conducted in controlled envirooment srovth ~abinet. 
• 

A. in the Ila •• hou.e experiment., the plant. vere .. intained in an 

envirOmMnt ',ÎIIIllating the .ite of their selection, except that these 

faeiliti;. permi.tted DIOre effective standardization of environmental 

variab le.. ~e plants were grown uaing l'I8ny of the husbandry and, 

... naae-ent guide lines previouely de.cribed for the growing of this 

.peeie. under .imulated tropical condtione ~ controlled enviroDm8nte 
. . 

(Huxley and Su..erfield. 1916; S~rfield et al., 1977). --
. 

3.2.2.1 Grovth cabinet. and enviro ... ntal controts the ,rowth 

cebiDeta (Sberer Coatrolled bvir<mllll1\tLab 1I04e1 ClL37-14: 1.8":Ie 0.8511 

f100r ar.a; 2.0. hilh) allowed preci.e control of d'Y1en,th, and day 

, 

, 

J , 
Î 

\ 



- " 

.. 

( 

---- -~~.- .. ...,., .. 

30 

.ad niabt teaperature.. AU planta lIere benee grown at the mean value. 

ôL dayleusth, and meteorologieal screen day and night temperatures of 

the .. in growing sea.on at Ibadan, Nigeda (fram Rux ley and SUI1IIIII!rfie Id, 

1916). 1hey vere 8upplied vith a twelve hour thirty minute photoperiod 

and a da.y/night tempe rature regime of JO°C.l21oC. Plants reeeived 285 

microeinsteins/ m2/ sec radiation 8upplied by 'cool-white' fluorescent 

bulbs (manufactured by General !lectric Inc.) vith tungsten bulbs 
1 

eont.ribut.ing approximately fourteen percent of the total rated output 

vattage per cabinet. 

/ 

3.2.2.2 Plant hUlbandry , . AlI plants vere grown in 18-em diameter 

pIa.tie pots containing a drainage l"er of clay chips and a John Innes 

Potting Compost no. 1 (Iunt, 1976), which was IIOdified fram earlier 

experiaents in arder to reduce organie. constituents and ennanee 

drainage, after diffieulties vith fuqus goats <Seiard. spp.) vere 

eocountered. Bence, in aIl cabinet experiments, pre-plant ineorporated 

Ilov release organie fertilizerl vere replaced by manufacturer r. 
recommendations of Qsmocote 14-14-14, and turfite replaced one half of 

the sand requirement. 

AIl oth4!r technique. vere identical to those of the alauhou8e 

axperiaents axcept that the isolated conditions of the cabinets did not 

require pelt control, since the facilities vere weIl scrubbed (vith loap 

lolutions followed by 5% chlorine solutions and rin.iuss> prior to·uae • 

.. 
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3.2.3 Plant arovth resulator u.e: Selection'of concentration. 'l'he 

cboice of concentrations for the plant growth regulators waa ba.ed on 

.crutiny of favorable re.pon.es observed by other researchera. For 

nIA, IUch responaes have been observed for concentrations ranging frOID 

10 ta 300 ppm : broad be.n (Nevaz and Laves, 1(80); chickpea (Sinha and 

Ghildiyal, '1(13); cowpea (Hipp and Cow1ey,1969); pigeon pea (Reddy and 

Zabeda, 1(79); soybean (Galston, 1947; Greer and Anderson, 1965; Burton 

and ,Curley, 1966; Wax and'Pendleton. 1968; Sant'Anna !.t!l., 1970; 

\ J .. net ~.!l .• 1972; Clapp, 1973; Olovdhury .!!!l .. 1978). For cowpea 

in part icu lar, a favorable responae has been observed with 

concentrations of about 60-70 ppm (Hipp and Cowley, 1969). For the 

pilot study, concentrations of 50, 100, and 200 ppm were used. 

In the case of benzyladenine, no warka of particular signifieance 

to aTain legumea in aeneral, and covpea in partieular, vere found by 

tbe autbor. Studies with foliar .pray. on florieultural species were 

bence u.ed a. a auideline. In lUell studies, favorable respansea of 
1 

1 branching and flower yields bave been observed with concentrations 

rqins froa 400 PpB to 1000 ppm: ehry .. nthe1Sln (Carpenter and Carlson, 

.,72); geraniua (Carpenter !! !!.,1(72); point8~ttia (Carpenter !!. !l., 

1(71). ror the pilot study, concentration. of 250, 500, and 1000 ppa 

wre .. lected. 

3.2.4 SollltiOll pr;eeration and application Pc'el bdnarY ùaay. cm 

the aolubility of tbe plant grovth replator ... re coaducted in order 

to deteraine the lowest quantity of .0Lvant required. prior to dilutiOll 

---------------------- ~-
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of tb ••• vith vater for uae a. foliar sprays. "lbe .olventa u.ed vere 

deteœned by previoua findi.,.s for TlBA (Greer and Anderson, 1965) and 

br .0lubility information obtained fram the Merck Index (Stecher, 1968) 

for BA. Solutions of TIBA. vere formulated by dissolving 1 g of the 

co.pound in 30.1 of 95% ethanol, While those of BA vere obtained by 

di8so~vinl 1 g in 20.1 of O.SM HaOH. Stock solutions vere obtained 

by further diss~lving th.se .olutions with vater up to 1 litre and 500 

al • re.pectively. Por TIRA stock solutions J tbe bottles vere kept 

c01lplete1y covered vith aluainUII foil in arder tq aUeviate lilht 

dearadation (Greer and 'Ander.on. 1965). 
, 

Por applications of both plant growth regulators to' the plants. 

proper volumes of the stock solution. vere diluted to the delired 

concentrations vith vater cont_ining 0.05% TWeen 20 (polyoxyethylene 

lOrbitan 1IIODOlaurate) a. a surfactant. Plant. vere sprayed ta the point 

of runoff u.ing hand held ata.dzer •• 
. 

Tvo type. of control '- ou 'dry' aDd the other,' ~rayed vith. 

eolvent/O.05% .urfactant solution. 'vet'. are run in order ta e.cert.in 

po.sible'effect. due to the solvant. and the surfact.nt. 

3.2.S Tiainl of Er •• t.ents lIae tWill of arovth reaulator 

applic.tions and dac.pitation tre.t.ent.... .lso baaed on .crutiny of 

the 'liter.ture. "lb.ouah f.vor.bie r.spoü •• bave Men observad for TIM 

applic.tions to • au.ber of crops at .... r.l stace- of srowth. the 

sajority of "etudie. poiot to 

favorable. or .t l •• st ..oaa the 

•• rty flovering •• beina th • .,It 

... t~aoorab1e: chickpe. (SiDho and 

J. :""'" ~ 



'r 

( 

• 1 

• 

33 

Qtildiyal t 1913); eowpea (Ilipp and Cowley, 1969); pigeon pea (Reddy and 

Zabeda, 1979); soybean (Greer and Anderson, 1965; Burton and Curley, 

1966; Wax and Pendleton, 1968; Bauer et !l.. 1969; C&apbell and 

Greig,1974). eonaequentl" aIl TlBA application. referred to in thi • 

• erie. vere applied at this stage of grovth. 

Decapitation was performed during vegetative growth sinee most 

-------favorable re.pon.es have arisen after decapitation during these stages 

or during early bloo. : cowpea (Ezedinma, 1973a; Stewart, 1976); pigeon 

pu (Ta,o, 1982); and soybean (Tayo, 1980). !'or cowpea in particular, 

Stewart (1976) reported inereaaes for many yield coœponents and total 
" 

yields lor decapitation conclucted betveeo the fourth and fifth nodes of 

the lUin stem. 'lbis stage of growth va. chosen for the present study 

and decapitation vas effeeted by a single eut using a sharp scalpel at 

full expansion of the trifoliate leaf at the fifth nade. 

Bensyladenine solution. vere also ~pplied at this stage of Irovth 

sinee they have been shown to he .i.ilar in action to decapitation (or 

pincbina> in the .tudi.s cited previou.ly for floricultural .peeies. 

l 3.2.6. Statbtical analyai. ADaly.es of varimce vere perfo~d on 

aU "ariahles for thes. experÎllents and cOlÇarisons of .an. vere 

perfor.ed uaing the Duncan', nev 1&1ltiple range test or the lea.t 

.ilnific~nt difference (1. •• d) test when the analy.b of vuiance 

indicated .ianificaat difference. for a given variable. 

-", 
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3.3 Izperi.eat 1. Pilot study to deter.ine' the effeccs of various 

coace.tracions of TIBA on yield c~Dents of 

covpea cv. Vita-S 
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3.3.1 Objective. III the ..-r of 19'1, • creeahouae pilot atudy 

.a. coaduc ted in order. to de tarai.e '\he e ffec t~ oL vari<?u. 

caneentratioas of T'lM OÏl the yield c~aents of covpea cv. Vita-5 and 

to .atablish a concentration with a favorable re.p0D8. of interalt for 

further .tudy. , 

3.3.2 llatuia1e ... _thoU 

a~ deacribed in SectiOll 3.2. naina T1M cODee.trations of 50, lœ, and 

200".. Aa ctelcr:i:bed, both a 'vet' and a 'dry' control ... re included. 
, , 

.ul creac:.nCa wre replieatecl thre. tï.ea ad laid out in a 

ra.el_becl eoaplete block cl •• ip, block.ct a.ain.t a IU.pacted 

eorth-eouth li.Jht ar-i_t. Tielel data a. tabD at harve'.t • 

3.3.3 Il.lta • .. lt. an pre...ced i. '{pre 5 :aarJ Appendice. Bl.1 

..... 1.2. '01.' the _jority of yield CCMpODUt. Cezeept for the '-'r 

of ,.. per plaa:t), 110 aipific81lt ditfereace .... ra ob.ened "tweea 

'1Nt' a.cl 'Airy', cOlitroll, ..... ti .. DO effect clue to the solVant or 

earfactant. If at aU. the .. effect. pere stialatory. 

h' 

o 
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Figure 5 

Yield components of çowpea cv. Vita-5 at 

various concentrations of TIBA 

(me ans of three replicates) 

, , 
, 

Wet control (ethanol/ Tween 20/ water solution) 

Dry control 

50 ppm TIBA (in Tween 20/ water solution) 

100 ppm TIBA (in Tween 20/ water solution) 

200 ppm TIBA (in Tween 20/ water solution) 

~ = L.S.D. of pairs of treatments at alpha = 0.05 
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'n .. , at the lowe.t cOllc.Dtratioe, eahaDced a11 the yield 

COiiipOD8Ut. recordecl, escludiDa dle lUIber of Med. per poet, _ich ... 

fairly IIIIÏfora Oftr a11 trear.enta. 'l'he ~r of active pedUllclel per 

plant - a pri.-at)' yield ea.poaeat repreaeatil1l the IlUIIb4er of peduncles 

cOlltributiac to yield - vas ~6% hiper for the 50 PpII TlBA treat.ent 

thm for the dry control. 'lbe effect of thi. eManc .. nt of the primary 
. 

yuld COIIpOneDt va. reflected in inere.Md poda per plant, seedl per 

plat, aad toUl aeed yielda (vith àïpt.fic.nt conelations of p • 

'+0.90, +O.6S. and +0.63, re.pective1y), (Appeadix 81.2). A 25% increa.e 

in the """'1: of acti.,. eedUDc1 •• _a ob .. rYed for the inter.edi.te 
( 

cODCe1ltratiOll of TIllA Cloo ppa), thouab _ither thi. cODeentratian DOr 

tbe lIi,b •• t (200, pp.> .. fouad to 11 ... a aipifica:at effect ,00 thia 

yi.lcl Cf" .,....,t. 
t'hia effect ... fairly couiatent ower the oeber yield GOiipOQent. 

for which .. ipifieaat diffë~.. be~ treat:.enU Wlll!re obaerved 

( ........ of pod. per plant, m.ber of aeed. per pod, ad total seed yield 

ill Ir ... >. Por the DUlllber of Med. per \laAt, thou.ch the 50 ppIIII TnA 

tr.at_llt yielded approxi .. tely 3œ .,re seecl. than that of the 

coratrola •• ipific.at differellee. Wlll!re obNrved OIlly bet1Men the 50 pp. 

aad 200 p,. TUA treat_llt., wbich produced 182 &ad 86 Hed., 

respecti .. ly. 'l'be -.n aeed _iatst for this latter cOilcelltration va. 
~ 

.., ..... t hicher Chatt that of the lCNer coacentratiOll, hCNeYer. 

DiffereDIC: •• ia total aeed yield. (expre •• ed a. sr'" per plant) 

.. ft a direct refleetiOll of differeace. in the other tield' ~OIIpOD8llta. 

_ith d.pific_t correlati ... vith the. Dlllll!ber of pedtmcl •• par plant, 

pod. per pl"'t, ....t. par plant, ......... per JIOC! (p • +0.63, +0.77. 

+0.90, 

'- . . 
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" 
a.cI +0.58. r •• pectiftlY> ~b Il.2). 'roUl eeed yi_Id •• n 

tbouah thie ,.. DOt fouacl 
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3.4 Experï.ent. 2. the effect. of TIU. on the srowth and yield of 

cowpea cv. Vita-S 

, 
3.4.1 Objectives In the autuan of 1981. a detailed controU.ed 

eovircx.ent Itudy va. conducted in order to detenaine the effects of 

TIBA on the srowth and yield of cowpea cv. Vita-5 in order to cI,arify 

underltandins of the yield increasea obaerved in the pilot atudy. 

Thi. controlled environaent study va. 

,perfo'C'lled using the _teriala and _thod. deacribed in Section 3.2. 

BMed on the reaulta of the pilot atudy. a 50 p~ cpncentration of TIRA 

\ .a. u.ed and a wet control va. excluded. Treated planta vere hence 
. 

ca..,ared to dry controle and the two tr.at_nta vere .ach perfo'C1lled on 

four planta distributed throulhout the cabinet in a coaplet~ly 

randa.i.zed de8Ïp. Plant ,odtions vere r&ndoaly rotated within the 

cabmet on ~ daily ba.iI when readina. vere tabn. 80th vesetative and 

reproductive yield data were taun at harve.t. the dry .. tter yields 

for _rial vept.tive .. teriat beins .. ished after dryinS of the planta 

for 30 hourI at 600c in a forced hot air dryer. Yi.ld data ..... taken 

3.4.3 "sultl .... lu of this / experi.Mllt are pnM1lted in Tables 

4 and 5 ad .". .... iz 12. UDli1te the c... for the ,ilot study. a 50 

------.. 
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Table 4. 'fi.ld cOIIpOD8nt. of cowpea cv. Vita-' tr.atad vith TIIA 
at fir.t floweriaa 

TIM 
concentration 

(p.,.) 

>. a 
sa 

lbIber 
active 

peduncles 
planta, 

3.00 • 
4.75 a 

lbaber 
pods 

plant" 

3.25 a 
5.00 a 

Humber 
seeds 
pod-' 

7.58 a 
7.48 a l 

22.50 b 
31. 75 a 

PiJUres repreaent the .aeans of four observations. ... . 
Ouncan's nev multlple range test. 

Mean 
seed 

wight 
(mg) 

Seed 
wight 
plant-

' (,) 

149.56 a .3.34 a 
119.20 b 3.75" a 

'. ' 

Within columna , means vith the S&Be letter are not sianificantly 
different st alpha-O. 05. 

concentration of TlM applied to the leave. of plants grown in this 

controlled enviromaent had very fev .ignifieant effecta on yield 

co.poaents (Table 4). 'l'houah peduncle and pod nU1llbet.'l. vere i.ncrea.ecl 

.pprOll_tely 35% ,each by the treat_nt, these effects did not reach 

eilnifie,ant levela. Seed m.bet.'l vere increa.ed by TIM treac.nt. 

hovaver , but the po •• ible ea.pensatory influence of lover .an sead 

".i,hts reaulted in total seed yield •• isailar to thaelof the control 

plalta. It i. iJIportant to note that the yield. of th is growth cabinet 

Itudy vere notably 1 ... thall thoeeof the areeabouee pilot study, and 

tbat the le .. _rked differance. aisht he a reUection of a lover viaor 

of arowth. .ad. conHquent1y, • le .. dynaaic ,yieldina situation. 

t ;: 
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f 
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Tabl. s. V ... tative attribut •• of cOWJN!a cv. Vita-S for TUA 
a.,lied at firlt floveriua. 

TUA Muaber fiblaber ltmaber rlIaber Aerial 

~o 

Mean 
eoucentration. branches nodes nodea main vegetative intemode 

(ppa) plant"1 plant- 1 frOll stem 
branches nodes 
plant"1 plant-1 

0 5.00 • 17.00 a 4.00 s 11.75 a 
50 5.00 a 15.25 a 6.25 • 12.50 a 

riaures repre •• nt tbe mesns of four observations. 
Duncan 's nev Jalltiple raqe test. 

dry weight length 
(g) (cm) 

14.3 • 6.79 b 
14.1 • 4.73 • 

Within colt-.:ts, _ans .,ith the Sallie letter are not danifieantly 
different at alpha-O. OS. 

In Chi •• tudy, TIIA had no notable effecta '"on brancbing and other 

wcetative co.ponent. (Table 5). Iranch nuaber vas entirely unaffected, 

a"d tbe uu.ber of nod •• wbi~b arose frOia these brancbes wu nol 
'-

affeeted. o.eraU, the nu.ber of nodu re.ulting froaa tbe treatJDent 

_a. nearly identiea! to tbat of tbe control plants , and thie vas 

furtber reflected in the urbI veletative dry wight whieb vas 
.. 
aecu.-ulatect • the ouly lipificant differance obeerved vas in the 

leqtbe of tbe intemode. of th ... in st_, ttbich vere 30% shorter for 

TIBA-tra.ted plant.. this aUowd for a ar.ater au.ber of _in It_ 

node. (12.5 verau. 11.75) 09'er a Ihortar Oft1'all heilht (69 ve1'lu. 75 

ca). a. renectad in Plate 2. 

" 
! 
~ 

1 ,. 
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Plate 2 

Vatreated plat .DeI TtIA tr •• ted plant prior to hU'V' •• t 
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l.' '&xperÙlitllt 3. Pilot study to dst.raine the .ffecta of various 

c:cmcea.tratiou of 6-beuyladenine 011 yield 

l.'.1 Objective. In the ..-r of 1982, a p'eeabou .. pilot ltudy 

"a. concluc ted in order to clete1'lline the effactl of .,erioul 

coacelltrati01l1 and two IIOdes of application of 6-beuyladenine 011 the 

yield COIÇOQ8l1t. of cowpee CY. Vita-S and to a.tabli.h a C01lC81ltratiOll 

vith a faorabte re.po~, of iGtere.t for furtber ltudy. 

\ 

3.'.2 llatedall ad _thod. '!Il. _terLtaI. ao4 _thodol.,., UHCI ben .. 

a fac:tori.tl vith two ... of ap'plicati01l (loliar 'P1'&y md arillary 

bu4 bruab) IIDCI three ccmceatratiou 0 f 6-bencyladeaine Cl 00 t no. ad 

1000 PIJa). 'lb. foliar 'pra,.. are applied et full Upauliou of the 

fUth leal oa the _in .t_. Il described in Secti01l 3.2.3. 'lbe 

aaillary ~ bruah applic::atiou vere perfor:8ld at chie ... .tep of 

JI'O'ftb. but Ù1Yolved the .ppticatioa of 100 aicroliter dropleu of the 

1:teuy1acJelliDe 101utiou ta aU uilluy bud.. 'Dle.. dropletl wu. 

.... ~r the bud. vith a lU. ardat t
• paintbrub. Iued 0Il the lack 

of lipificat cHfferac •• betwn ' .. c' .. 'dry' controle for the 1'IM 

pilot sbJd.y, oa.~Y 4ry cootrols vere iacluded in thia IbJctJ. 

Ali tnac.oCa wn nplicatecl thne t ...... laid out in a 

• 

1 

l 
1 
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randOld.a:ed ca.plete black dedsn .. ainat a su.pected nortb-aouth lialtt 

,rui.ut. Yield dat., _ ta1ten at harvelt. 

3.5.3 ".ulte Relulte are preaented in table 6 and Appen.dix. B3. 
" 

110 aipiticsnt differlDces Vere ob.en'ed betveen the two modes of 

benlyl_denine application;', nor _re there aisnifiClnt interactions .. 

betveen the two factors (concentration and mode of application) under 

.tudy (Appendix BJ) • Ave-raged over' both applic,ationtypè., no 

• tatistic.Uy signific.nt ditference. vere found between 6-bensyladenine 

(BA) concentrations for any of the variablea under atudy (Table 6). 

Trends vere qonetheles8 ob.rved. BA applications at the highe.t 

concentration 0000 ppm) increa.ed the ujority of yield cOlÇOnenta. 

'or this trestMnt, no .ore peduncl •• bec_ &net r_ined productive, 

.. _ IIOre pod. vere produced than those of the control planta. ~ile 

the __ ..-ber of seed. per pod a. the controls vere produced for this 

tr.st.ent, the grester maber of e88de re.u1tina frOill a greater nuaber 

of pod. va. reflected in a 33% incre .. e in tot.l aeed yield. In 

e~riaon to the control plants .~ yi~ld emane_nt vae obaerved 

for th. other beaayl.denine concentration tre.e.enta .nd thi. va. due 

ta iocre .... ia either the lUIber of poele produced (2.50 p .. > or the 

lluaber 0 f .. ed. per pod (100 p .. >. th. iDCr ...... in total aeed yield 

_ra IlOt .s .. rbd ., thai .riai. h .. the 1000 ppII tre.t.ents, 

.. 

.. 
~.-------------------------~.~-- --------~ ~-- -

.. 
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'fielel cOllPCJDellta of cowpu cv. Vita-5 tr •• ted with 
6-beuyltda.ine at the 5-1.af .t... <neTapei Oftr 
tw ..s •• of applicatioa) • 

lbiber a.ber a.ber a.ber Mean Seed 
àce.ive poel. • .. cI. seecla •• ed wight 

pacl,,*-lel plant'" pOet-' plant"' weiaht plant-' 
,plane" 

4.83 7.00 8.44 60.17 147.83 8.59 
4.67 7.17 10.11 71.33 145.13 10.37 
6.17 9.17 7.09 64.33 144.63 9.36 
7.33 11.00 7~1fo 84.17 143.70 11.96 

Il 

'laur •• repreH1lt the .... of lix obHrvationl. 

1 

. • 

.. 
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3.6 Izper-"t 4. 'l'be effect. of decapitation and 6-benzyladenine 
. S~ 

treac:.euu on the growth and yield of cowpel cv. 

Vit.-s 

-.. 

3.6.1 abjecti ... ta the 1Ucu.l of 1982, a detailec! cootrol~ed 

tu.iro_llt .tudy .. ' coaduc.ted iD orcier to detemne the effect. of 

.,.riou. decapitatioa ad 6-beuyladelline tr.atMati on the srowtb aad 

yi.ld. of c.,.a cv. Vita-s. 

'IIli. cOiltrolle4 eaYU-O-llt .tudy ... 

.... -d on th. pilot .tucIy, 1000 ". coacentratiou of lA Wnt UNd. A 

repUe.t.. for eacb tnaa::.at ... ..,loyed: 

(a) CoIltrol - DO decapieatiOll or beuyl ...... b .. ; 

Cc) 

Pla.t. 4ecapitat" be'tweD the fôarth aDCl fiff:h ... of dia -.iD 

.u. at faU upI.-ioa of the trifoliat. leaf at the fifth ..,..; 
1 

'l_t. clecapitated .. in (h) rith 100 IlicroUter 4roplet. of the 

1000 ... beaayl ..... i ... eoluti.oe brwIhM Ga to a11 ail1uy ..... 

pneeat at thi. ~_; 

(cU '_t. trut8t:'- at the .... U .. of ~_tta .. o.> with • foliar 

Ipray of the 1000 ... beoa7hl.Di_ eohatf.ae ..... U ... to die ,.,lat 

of ,rta-Off; 

'.' 
1 

..... --------- _.-~ 
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; 

Ce) Plants decapitated as in Cb) a1'ld treated with a foliar spray as in 

Plant Ol1togeny and harvest data were recorded as in the, TlBA study 
1 

(Seetien 3.4). 

( ., 
3.6.3 Rellults Results for this I\!xperiment are reported in Tables 

7.8. an<i 9; Figure 6; and Appendices B4.I. B4.2, and M.l. 'nie vadous 
.,.)~ 

treatments had ~ statistieally significan"t effect on the number, ~f 
-....:., 

branch~s E!!. ~ (rab le 7). The number of nodes originating from these 

branches, and consequently the riumber of nodes per branch, towas affected 

hovever. In a11 cases. decapitation treat1llentll inereased the number of 

nodes wbich arose frOID these branches. the greatest increases occuring 

when beuyladelline' _vas bru.ahed on to the axillary huds in Coaabfnation. 

In th is ca.e. ~he tlUllber of. node. oriainating frpat the ,branches was 

nearly three-fold chat of the untreated plants •. l'he spr.ying of BA 

re.ulted in DO .uch increase, however. unless this vas cOlllbined with 

dec.pit.tion. 1his atiJa11ation of branching COIapOnents wa. siailarly 

refieet:ed in .the 'uu.ber of nodes initiate~, per brancha Decapitatioo 

and decapitatioo/ben..zy.ladenine. trea~nt cÔlabinations inéreased thi. 

~ ca.poOènt two to three-fold. while benzyladenine had no effect unlelS 

cOllbi.ned vith dec.pitation. '. 

The treat.ent. had no atatistieslly signifieant effects 00 either 

the DUllber of pedunclea which bec_ ~ r_ined reproduétive or on .. 
the ..... r of pod. which reached Mturity (Table 8). D .. pite this: SOM 

diffèreoce. _re ObHrved and an treat.uta reaulted in .light 

" 
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increases in pod yields over those of the control plants~ Significant 

differences wer~ noted for seed number, however. Decapitation alone 
, 

resulted in a 68% increase in the number of seeds while use of a 

Table 7. Yield components of cowpea cv. Vita-5 for various decapitation 
and 6-benzyladenine treaments. 

Tr'eatment Humber Number nodes 
branches originating 
plant -1 from branches 

, plant- 1 

,,{. Control '4.00 a 4.00 c 
2: 'Decapitation 4.50 a 12.50 ab 
3. Decapitation 

+ BA (brush) 5.00 a 15.00 a 
4. BA (spray) 2.75 a 3.00 c 
5. Decapitation 

+ BA (spray) 4.75 a 10.25 b 

Figures represent the means of four observations. 
Duncan's new multiple range test. 

, 
Number nodes 
per branch 
plant-1 

1.00 c 
2.94 a 

3.04 a 
1.05 c 

2.17 b 

Within columns. means with the same letter are not significantly 
different at alpha-0.05. " 

benzyladenine spray decreased the number of seeds - tho~gh onlr 

slightly.<> Axillary bud treatment with benzyladenine following 

deeapitation had no effect on the seed number. Differences here were 

no doub~ a reflection of the number of seeds per pod, which followed a 

silllilar tt:end. 
o 

The mean seed weight remained unaffected by the 

treattDents. 
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Tabl., 8. Ti.ld C.l 4 oaeata of cowpea ~. 'fita-5 for .,ar~OId dec&pitatioe 
aad ~l..teai.ae t~t •• 

t're.blent 

1. Cotatrol 
2. Dec.pit.tion 
3. Decapit.tion 

+ BA (b~h) 
4. BA (.pray) 
5. Dec.pit.t ion 

-i- &l iMn'aj) 

IbIber 
active 

pecluDcle. 
~lant-' 

3.00 a 
3.00 a 

3.75 a 
<;,3.00 • 

4.25 a 

3.25 • 
4.50 a 

5.25 a 
5.50 a 

5;'25 a 

7.S8 ab 
8.73 a 

5.56 bc 
3.79 c 

4.24 a 

.. 

22.SO ab 149.~6 • 3.34 e 
ll.OO • 132.98 a 5.06 a 

26 .. 75 'ab 151.41 a 4.04 b 
20.75 c 154.12 a 3.18 e 

21.SO c 149.61 • ).21 c 

0:;" 

Piaure. repreHllt the .u:cut of four 
Duac:an'. oew wultiple raD18 te.t. 
.within col--., .eau vith th. __ 
differeut at a1Ph--o.05. 

obeervation •• 

.ipificantly 

. , 

_. 
Differencu in total .eee! yield. wre aho .eemd to ~ a 

refleceion' of variationa in the ~r of Hed. per pod .......... 

nUllber., vith sienifieant correlations of p·+0.49 and p-+O.93, 
----.. 

re.peceively (Amadix 14.2). Rilheac total yie1d. in ir- wre 

obeerved for decapit.cion .looe, _ieh Nsul* il, a' field inc~t of 

51% o'Yer Chat of the cODtra1 planta.. I! the treac-t in, "ich -
f 

benay1adeniae vu '.PPlied to aUlary bud. follOWÏlll decapitatioa, • 

tot.l yield idcr •••• of' ,ll% .à. ob_nH, _il. _ither o>f the 

tr .. ~t. in ttbicb beaayt.MniDe ' .. apr"" 0Il the ~ b...t • 

t-
sipificant effect on tot.l .... yieU. 
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0tMr .... etr~iaa ob .. ~.tiou .. ft ... , with reaard to 

tteac:.et .ffecta OB .... t.tbe WiiipI)IIe1lU ad barft.t i&diee. (P'iaure 

6). !'ha C:OIltral plate yieideel are_ter ~rial dry _ipte tban tho •• 

of _ay of c:he trea~llU (P'ipre 6b). aM thia _. DO c!oubt a direct 

r.flectioa of the ac~latiOil of a areater ~t of "..etathe dry 

.attIer (leawes ad et_ t P'ipre N) 1 with .tlich total dry _tter yield. 

wre eipifeantly correl.tee! (p-+O. 97) (~ix 84.3). lIbere aillary 

Mde .. re <.> treated .. ith oea&ylac!eaille ,- fpllowilll deeap\tatiOll, DO 
0-

sil1lificallt differences fr_ the coatrol _re obeerved.· hOWYer ... 

... thu .ffect .... e'lea ~ prOllOU1aCed .en cOlibiDed vith folur .pray 

applicatiou of beuyladeDiDte. IIoth tre.e.ellt. i.nYol?iq ,this ~e of 

'Muyl&4eaioe application yielded li.pific:ant1y 1011er quatitiee of 

.... l:ati .. ciry _ttar thaD .., other 'trear::.nt ,!both approxï.ate ly 50Z 

~ m. Chat of the cODtre 1 plane.). 'lhe 'effect of the fo liu spr.,. 

.. , .... te baft bea i.Mepeodent of •• ther or IlOt the plallta had befm 

-.apitated. as there _re .., .ipifi~t differeDC«s bee.een the .. tvo 
\ 

t~t •• 

k~u.ulatioa of ..... tub. cby _ttar appu.rs ·to baYe beea • 

refl.etioa of the total IlIIIIIIber of ..... (ad CODaeque1ltly, 1 ...... ) 

""UIII: .t the eM of the ex:parw.nt (P'iauft. 6c). and thi. "ariab le •• 
, 

"i&bly .. eociated with the for.Ir (,...0.72) (Appeudis 14.3). ntis in .. 
QIn _ • reflec:tioa of the DUlllber of DOde. ~rina after treec:.eut, 

'" 
_ieb _ich the total .... r of DOde .... sipifiçantly correlated 

<,...0 .. 95). Decapitation done had DO .i.pificaat .ffect 0Il th ... two 

.. --~-----------~~ - -
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Yeaetatift aad yi.e1cl attributee of eovpea cv. Vita S' 
1 

for a ........ r of clecapitatioo and 

(..ana of 4 replieate.) 

Dry control 

J) - Decapitation bet:wen the fourtb aad fifth DOde. 
at eapan.ioo of the fiftb true 1eaf 

..... - Aa for ~J)' 'but vith a 1000... 6-beucy1..adellioe 
801utioll applied to aIl axillary bude 

- Application of a 1000 ppa 6-ben&yladeQine epray 
to plaate at the ...e,.tace of ~ a. 'D· 

0-. - Aa for 'D' cOllbioed with the foliar .pra, of 'lA' 

" 

l - L.I.D. of peir. of ez.a ....... at alpha - 0.05 
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.zill.ry bud. had a .ti_Iatory effect 00 the total tlUIIIber of node •• 

'!hi. ... undoubtedly a reflection of the OUIIIber of node. which eppeared 

alter treataent, and thouab no stetistieally sigaificant differencé wa. 

ob .. ned, 151 .ore nade. than tho.e of the controle appe.red after 

treae.ent ••. Foli.r application. of beazyladeoine without decapit.tion 

.ignifieantly inhibited (72%) the nuaber of node. eppearing after 

treat.ent, while this trea~nt in co.bination vith decapitation had an 

inter.ediate effect. 

''nle effect. of the variou. treat18ent. !ln the ha"est inliiees (a 

.... ure of yield efficieney, R.I. • grain yield/biological yield (grain 

~ield plus veletative yield» vere neg.tivelr correlated vith the 

effect. on veletati"e dry .. tter &ccretion (p-0.76) (Appeodix 84.3). 

Ali tre.t8ents (except for decapitation ca.bined vith ~nl:rladenine 

application to uillary bud.) yielded harveat indices greater than tho.e-, 

of the eontrol plants (P1aur. 68), Par the latter treatment. the l~r 

harve.t iadex va. Arel,. a reflection of ,reater dry .. tter Accretion 

(Fiaure 6a). 

The obNrvatiOll' preseoted here are clearir vi.ible wbeo vieved 

pictori.U,. (Plate 3). lt i. nideot fra. tbe pieture that aa.e 

tre.taeat. hac! notable effect. on vqet.tiv" co.ponentl. Decapitation 

alone can he ... n to h."e hac! very little effect on the averall plant 

.t:rueture, vith oqe branch tûi .. over the lead of the _in apex. Such 

.a. t~e ca .. for the pianu wbich had o.nzylacieniM applied ta the 

aillary ~ folloviq decapit.tioa. In this ca .. , hMver, the lover 

DOIIes .. re *'" .crona1,. breoched and the ',e.ral ,rowd1 a. in exce .. 

of ~t of bath the control plaot aM tlle plant which a. on1,. 

-
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Plate '~ 

Plaata of , •• rioui 4ec.pitati~ and beuyla4elline 

rr • 

treat:.ente at harveet: 

a. exp laoatory 1te, 

uatreated 

pLants decapitated betveea the fourth and 
fifth .. in stea nodea at full expansion 
of the trifo1iate leaf at thé fifth nade 

plaDts decapitated as in 'DECAP' vith 100 
adcro1ite~ droplet. of a 1000 ~ BA 
solution brushed on to al1 axillary bud. 
preaent at thi. tiM •. 

planta treated at tbe ... stage of arowth 
.. 'DECAP' vith a foliar .pray of a 1000 
pp. BA solution applied to the poiat of 
nm-off 

plants deeapitated a. ia 'DECAP' and alao 
treatecl vith a foUar .praJ ... a. in 'BA 
!nAY' 
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clecapitat_. 

'th. pieu wbich wr. yidW., " •• t 41ffenllt &a. the cOIltrol 

p1aat ... n tho .... tcb nc.i~ foliar beuyl.teobe .pr.J •• both vith 

• .... witbout cleeapitatioa. ID both ca .... the .... t.ti .. &rovth .. 

et:rikiQaly le .. abundaDt tban that of ~ caatrole. 11l e4c1itiOft. beipt 

... ipificantly affectecl by .uch treatMnt (table 9>. A. beuyladeniae 

aprey without cIacapitation &tcreeaed beipt by 47% with re.peet to tINt 

COIltrol plut.» .. n. thie treamnt in cOllbinatioll 

'faJ»te 9. .f.aht aad' ..... iatenode leaath of _iD aU of co.pèa C9. 

YVtta-5 for YIlriou clec:apitatioa ad 6-MDsyled.ioe t'nT Dt •• 

, alla _iD m. 
iDteno4el .... tb 

1. c:.trol 
2. DlcapitatioD 
3. Dtcapitatioa 

+ lA (lmuh) 
4 ... <apra,.> 
,. Dteapitatioe 

+ lA (eprey) 

75.00 a 
75.00 a 

72.50 • 
39.50 b 

".OO b 

(CIIl* 

6.n a 

1.'5 1» 

- '<1) 

* .t f ••• ibl. to .tudJ OB dacapitatact plaDu .. _iD .te. aetiritie • 
.en curteil_ by treat.nt 
Pipn. repre .. nt the _au of .b: obMn'atiou. 
Daacea·. new .ultiple r .... te.t. 
1fithin col~ ....... vith the ._ l.tt •• , an _t dpificatl, 
.ifment et elpha-o.05 • 
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ritb .... itatioD J.o."" plaDt beiabte fvtber etill (5a 1 ••• thaa 

boch coaerol plau ad plate Wlbich wn -GIll, clecapitatecU. Part ol 

Chia .. aD doubtJdÛé to • 4ecl"UM in iaeenoct. lnath (Table 9). 1h~ 
__ iatenode l .. th for plaata ncei .... a beuyl ..... i.,. .pray ... 711 

1 ... tbaa tbat of dM COIlenl plae.. 
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3.7 Diecu •• i~ . 

the .pic.l bud i. kDoYn to exert d~aaace on .,rowth of the .hoot 

OONIlly r.aultioa in the IUppre .. i~ of l.tera! bud outlrovth'. tn thia 

.tudy, deè.pit.t ion ".. ob.erved to resu 1 t in the outgrovtn of auch 

l.ter.l bucil, reflecting a three-fold incre-an in the nUJllbe'r of nodes 
, 

.ri.ing froe branellea - which otherviee produe~d on1y one le.f pel' 

braoch. The total nu.ber of node. per pl.ot " •• unch.nged by r..oval 

of the ,raving tip, howver, unectins a decrea.e in the nuaber of 

node. 00 the .. in .te. due to decapit.tioo. Bauer et al. (1976) have 

pre.ented .i.ailar findi.qs for field-arovn .oybeans. In addition, these' 
.. 

• uthora reported th.t the dry ,..iattt of the vegetative organ a "as 

decre •• ed by re.ovai of the terainal bud, while .eed yielda ra.ained 

f.irly conatant. S~.il.rly. the dry veilht of velet.tive orl.na "aa 

found to be decre ... d by dec.pitation in thi, study; but over.ll seed 

• yield., on the other hand. _re iacre •• ed • 
. 

Such incre .... in tot.l •• ed yield .re con.iat.nt with the findinga 

of other .utllor. for .. ver.l ,r.in lecu- .ped.. (Stew.rt, 1976; 

Clifford, 1979; aionie aM Clifford, 1980; T.yo, 1980; T.yo, 1982), 

thOUlh the orilin of the.e incre •••• vere in .a.e ca.es different froe 

thoee nported here. For both pileon poe. ~nd aoybe.n. T.,o (1980. 1982) 

report. .isaifie.nt incr..... in yi.ld due to th. production of .ore 

and/or he.vi.r poda.~ Stewart (1916) reported an incre ••• in aIl yield 

c~.at. oyer the control plant. for • tre.~ot perfor.ed at the .... 

atlll of arovth ., tlle one reported here. but for cCMfPe. cv. K2809. i For 

th.t cultiv.r, iacr ..... in the nu.ber of pod. vere reported. 00ly • 

.. 

1 
} 
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.lilht iDer .... ' ... ob.erved iD the pre.ent .tudy. but this, ca.bined 

vith a .re.ter ~r of 

total .. ed yie Id. ID 

ned. pel' pod t reeulted in a 34% iocrea.e in 

HaM of a significantly lover veiah~ of 

•••• t.tive ca.pooaots - vhich is vell refleeted'in a 42% inerease in 

the h.rve.t iMex o.f decapitated pl.nts over controts, inereased yletda 

vere·clearly not a reflection of incre • .ed veaetative growth. 

Such va. not the ea.e for Iplants whieh, upon dec.pitation, vere 

tr •• ted vith bensyladenine application. to the .. illary buds. tn this 

cale, "'d yield. vere increa.ed conc~itant vith inerease~ veaetative 

)'ield.. ln ca.pari.on vith plants tlhich vere only deeapitated. the 

nu.ber of nodes appearinc after trea~nt va. enhanced by application 

of ~ladenine to the aillary bud.. .u vith plants tlhich ve-re only 

dacapitated, node. oriaininated fra. the side brariches at approximately 

3 pel' braneh, ~t for .ore branchea. Thia re.ulted in a signifieantly 
, ~ 

.rea~er fin.l node Du_ber th an that of plants vhich vere ont y 

dec.8p.iuted, end 18'1 .ore noda. vere produced by plants treated in this 

f .. bion than by eont'rd1 plants. 

Decapit.tion is kDovn to enhaoce the .. t.bolie and phy.iolOSic~l 

proc:e •• e. of r_i()iog aboot .. teri.l. "icb i. _nifened by increeaed 

.. t.bolic activity ("'i11ipa et aL, 1969; Meidner, 1970; Carai a.nd , --
1011er, 1979) and incr .... d Irowth (Clrai.lJld ~ller, 2E.ill..j linnie 

and Clifford. 1980) in r ... ioina oraan •• 'lbe repeatedly obaerved 

phen~non of lataral 'bud outlrovdt in _ny studie., ineludiq the 

\ pr ... Ill: OlM, il in iUelf an atte.t.tioo to tbie eUact. 

., 

Cytokinin application to 1..... ia alto ... oc:iated vith the 
\ 

enbaftC_nt of .c.bolic acti'liti •• at the lite of application (Scott 

\ 
'~ 
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.' ~ 

... Li", .. , 1956; Ad.di,. !! !l., 1971; carai and IColler, 1978). '111e 
o 

.iailarity in re.poo .. of cytokinin appplication to dormant axillary 

bad. ad d.capitation (Wick.on and 'lbi .. nn, 1,958; Sacha and ThiJunn, 

" 

1961; Scbaeffer and Sharpe. 1969; Ali .nd Fletcher, 1971) has led to 

the ,uaae.ti~n that dec.pit.tion· increa.e,s the availability of ~ 

cytokinin. to the remainina .hoot IUterid by reducina coapetition 

betveen ahoot organ. for cytokinins from the roots (Vareins et al •• 
.. " --

1968; ~atagiri and T.uji. yJ80). Acceptina that such a mechanisnl ~y 

h..e underlain the enhance~ branch outgrovth of the deèapitated plants 

in thi •• tudy, additional cytokinin application to the axillary bùds at 

the ti_ of decapitation va. fouod to rurther increa.e the growth of 

the.e branche •• This i. con.istent vith the apparent 

aetabolite-aobilbiaa effect. of thi. ~oup of aynthetie h01'llOnes 

--(Mothe. and Baalebrecht. 1961; Leopold and Xav .. e. 1964) and their 

.bility, to eahanee .. tabolie activitie. at the .ite of appli~ation. 

Mltabolite .,bi1i.ation and the enbane_nt of _tabolic activitie. 

at the .ite of application atay indeed have been reaponsible for the 

eftect. ob .. rved for foliar application. of benzyladenine ,,- whether the 

plant. vere left intact, 01' decapitated prior to benayladenine 
<0 

.prayina" ln bath o~ the.e c~.e •• relatively little vegetative weight 

.... ·~~l.ted (about 50% of that of the control) ~nd it c.n be a .. u.ed 

that the .. jority of thi. deere •• e v •• , reflection of po.t-treao.ent 

nIIlucticm. in ". .. tative .ccrétion. When decapitation va. ca.bine~ vith 

~e foliar bensyladenine .pray, branchina effect. vere .i.ilar to thô.e 
• Il 

of d.cap~tation aione. A reduction in total ... etative weiaht due to 

the .pray., however, .. y have DeeO a reflection of reduced Irovth of 

... , 

\ 

1 
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t'be DeV' l • .,,~. and U ...... ociated vith these branches. while the 

epra,ed l .. ~. of the .. in axis (which hàd already expanded at the time 

of treat.nt) lUy have ,.,bili~«! plant resources and lillited new grovth. 

Thi. explanation ia consistent vi~h the observations of Leopold and 

Kavas. (1964) 'in wbich a leaf treated vith benzyladenine brought about 

the inhibition of growth in other.untreated leaves on the same,plant. 

ln the preseQ.t IIt}àay, this effect va. even more pronounced. When intac t 
1 

plants vere .prayad vi'th benzyladenine, cOlllpa~atively fev nev leaves 

vare initiated, while intemode el~nga~ion vas reduced three-fold and 
4 

veaetative accretfOll vas decre •• ed by nearly 50%. 
~ 

In co.pari.on to the çontrol plants, total grain yields vere.not 

.ffected by either of the benzyladenine foliar 'p~.y treatments, despite 
. 

• lover aDOUnt ~f vegetative grovth. These treatments did not however 

astch the yields of the plant~.which vere only decap1tated and yielded 

40% more grain veight. Reductions due to foliar spray applications of 

benzylsdenine vere clearly a reflection of fever seeds per pod rather 

than'any other yield ca.ponent, an4 thi. ~ have been a function of a 

reduced ('source-li.iting')o photosynthetic' area. Perha~s the 

afo~e .... ntioned ~.àlization effectll on tbe leaf area vere still operant 

.st cbia period of grovth •. Ho accounu vere foun~ by the author 

,regarding such duration of effect, hovper. Further, assuaed 

'" eahanc-.nt of photosynthetic activity (Adedipe et .!!. ... 1971), might have 
• '1, 

proy~n favoràble ta pod an~ seed develo~ •. 
GI 

With dai1u a-rain yields and Ialch lover vaaetstive yieIds,' the 

harv.st i!Jdice. of . the planç. sprayed vith. benzylaiienine vere JIIOt'e than 

- areater than chose of the control plant •• , Thi. i. not in agreement 
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vith the ob'senations of other authors ,(~e/lana and Adedipe, 1982) who 

haje observed lower harvest indices after benzyladenine applibations to 

young cowpea plants. In that 8tud1\. much lower concentrations of 
~\ 

benzyladenine (abodt 40 - 4000 times lower than those of the present 

Itu~y) were used~ however. In a number of floricultural crop s~udies, 

the ooly type of studies resémbling this one in terma of concentration 

range, the bùshy, ca.pact growth of the plants described and pietured 

(Cerpenter ~ !l., 1971, 1972; Jackson, 1975; Jeffeoat,l977) were far 

more eousisteFt wi~h the findings of this studyz 

Unlike the responses observed for th, decapitation! benzyladeninJ 

treatments, applications of TlBA at early flowering had littl& effect 

on the vegetativ~ yield of the plants. In the controlled environment 

studies, no significant differences in vegetative/ branching components 

vere 6bserved. lt may be fair to assume that effects on apical 
, 

dominance per ~ were minimal in comparison to those obtained in the 

other studies reported here. Indêed, very few of the variables,under 
\, 

study for TIBA-treated plants in the controlled environment experiment 

reported here were found to differ from those of the control plants. 

However, the pilot study revealed that optimal concentrations of TIBA 

aignificantly increased the majority of yield components in the --greenhoule environmentl' '11le increases in totéJl seed yield (44%) 

obaerv~d' here ,were' 8uperior ta those observed previous ly for cowpea 

(Ripp and Cowley, 1969), which were closer tO,those observed for the 

controlled environment study. Rather, the yield increases observed for 

_the ,.ilot sudy were clo.er in magnitude to those observed in a number 

of atud ies perfo1'1lled vi th other grain legume species (Sinha and 

( 

" 
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<: 
Ghildiyà'l, 1973; Taaner and ~, 1974; o,owdhury !! d., 1978; leddy 

and Zaheda, 1979). A.. in this stildy, IlUch of this yield incre.se "1" 

.~attributed to increeses in pod and seed aw.ber •. 

"I.'be differences in yield respanse 'observee betveen the pilot study 

and the- controlled envitoraent study 'iri the TUA experu.enta ere not 
~ 0 Î, , \' 

with TI~, the respon.u to Which -- <" atyplcal of reaearch conducted are 

'. lDult.ifariou8 and often .trpngly iqf1uenced by eliJutic vaz:iables and 
, 0 • 

plant variety (Greer ~~ Anderson, 1965; Burton and CUrley, 1966; Ricka 

!! al.» 1967; Rauer ~t 'al:, 1969; a..e ~ !le ,1972>. 
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3.8 CoDe luioa 

\ -
" l, \ 

Crop plaDU baYe bea ..abjected to clifferiq Hl~tiôn pre~lIUre. 
\ . 

duriDa ~ir wolutioaary hbtory follOWÎ!tl .... tic:.tion pd certain ' 

eheap. lumt c:haracteriaed the nolutiOl1 of .,et Mec! crope. AIIoaa 

••• d &ad leaf .i,e.. develo_ot of deterwinau or cOIIp&ct grovth 

habit., abifu in lif~ cycle to unuality and ahorter duratioc, chance. 

!roe outbreedina to illbreediaa. and a aner.l 10" of •• uitivity to 

tbe ettVir~nta,l lipala that previoudy reaulated develo~t (~.h 

and Evan •• 1981). 

of crop do.eltic41tion ànd .jor'mar.tion, the cere.t graintl-have'Dot' 

only. received the mo.t attention, but uve al.o beeo grown on r~latively 

~re fer~ile land. and. in ,eneral, heen afforded the major part of 

liaitecl .gronOlaic input •• Gr.in legu.e crop.. by contrast J have been 

traditionally grown on marginal laod. of poor fertility. Renee, despite 

probable 1Iillenia of" cultivation, the majority of pulse species are 

stifi grown in conditions which cliffer littIe from their native 

habitats. With natural selection having continued ta exert a major 
; 

effect on 'these crops' evolutions, selection pressures on pulses have 

been for adaptation ta stress conditions such as drought, poor 

________ fertility, and competition with biotic agents (pests, pathogens, and 

J 

weeds) (Jain and Mehra. 1980). 
\ 

Su ch an evolutionary history of stress after domestication has 
1 

1 favored the 8urvival of cultivars with characteristiC8 such as bushy, 
/ 
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.... ÜII ..... indeuraiaate.. crowth habits. photo &Del theIW)Maliti.,ity. 

.ad a protracted crop duration. Furtber, the.e .pecie.fare 

" char.etariaed by a profli,ate 10 .. of reproductive atr.1cture. in 
,C , 

r .. poclH to etrVirodilllental/, biotic stresse. and even in .ore opt iul 

condition. (Ojeb~, 1970; Stewart, 1976; Stalerfield and Wien, 1(80). 

tbCNJh the" adaptati6n. are 'undeniab ly favorable to provis ion of 

yield ialurance under prolonged or even eph~ral dureu, such 

attribute. bear 1ittle reae.blance to the the ideotypes we nov associatf! 

vith larle-yieldiaa cereel variet ie. gt'OWft IIith Ùlproved agronomie 

-.aaae.ent (Ja in and Mehta, 1980). Se lee ted for large bio logie. l verlus -ecu_L yields,. the pulses fail to exploit th~it capaeity for large dry 

_tter productioa by correapoadingly large .eed yields. Conaequently, 
, 

the œajority of theae speciea have s.11 harvest indices and respond 
\. 

pocrly ta incre .. ed population den.ity. 

If a crop plant ia capable of beavy dry ID4tter production, it ie .( 
\ ,,-

'agronoraically important that it render a maxil1aJlll part of that yield as 

the useful product. The harvest index relates the effectiveness of the 

formation of the economic part of yield to total yield. Eaeh of the 

treatments in the decapitat ion/ benzyladenine experiment increased the 

harvest index over that of the control. In the one case in which this 

increase was not signifiesnt - that la, deca-pitation plus application 

of benzyladenine ta the axillary buds, a significant increase in yield 

was associated with a g,reater production of vegetative matter. Hence, 

either actual increases in yield or increases in harvest indices over 

control plants were observed for the treatments in this study. 

There apppears to exist an optimum level of led area Accretion 
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/ 

for the ben perfor8aDCe iD tenu of ned production by grain lesu-. 

'nie' perfo~ce of tr.eted planta here ap~ars ta 

.. eat that th~"no~l t condition of this covpea cultivar is hardly 

optblal in te~ of seed p~oIuë:tion. The treated plants are, of courte, 

-.nipulated artefacts, but do indicete that better seed yield might Ge 

expected tto. equal or leuer quantities of vegetative Accretion. Forl 

decapitation alone, and both treatments involving a foliar benzyladenine 

spray. vegetative gr~h va8 r~st~icte~ but not ta an extent Chat 

photo.saimBate supply -to 'î:he seeds vas irapaired. ~e treatments in 

fact'" led, ta a more effic ient dry lIl.tter partitioniag betveen 

reproductive and vegetative coiBponents 1 possibly by reducing competition 

for photoassimilates and nit~og~n . .. 
The plants resulting from the treatments imposed here represent 

modifications of the Vita-S genotype. It can be sugg€ ~ ~ j tha t 

improvements resulting from these treatments were st, lesst partly due 

ta Alterations of apical dominance. The concept of apical dominance 

control in young plants for increasing productivity lS not a new one. 

Indeed, the practice of pinching young plants is ev en recommended for 

a llI.IIIber of vegetable species in gardening manuals (Biggs, 1980) and is 

a common practice with sev~ral floricultural crops Ueffcoat, 19177). 

The immediate signifi~ce of the findings reported here may lie 

in the context of plant growth \egUlation. The 'one-shot' foliar spray 

application of benzyladenine ~eported here, thaugh it did nat result in 

a yield increase per .!!.!:.', siginificantly checked excessive vegetative 

growth and resulted in greatly improved agronomie produetivity. 

Further, though no data were presented, the pict~re presented in Plate 
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3 c l •• rly ~.tr.te •• .,re ea.ily harve.table product, vith pode 

.ittinc ~11 aboYe the leaf canopy. 'nte signifieance of this lIIight he 

even .,re evident in high-den.ity field plantings. 

tt i. vell reeosni&ed that the priaary goal of plant grovth 

recul.tors i. the increa.ed bioconversion of .olar energy ta harvested 

.\ co..,onen.t. (Hardy, 1978). FurthenDOre, though plant growth regu 1ator 

use hal hitherto been confined ta sma11, high-va1ue horticultural cropl 

,- a. IUnqement aidl, agrichemicals, due ta the high cost of their 

developaent and regiltration--;" can now on1y be seen ta have a 

co_ere ia 11y viable futurè in the larger markets provided by che 

'broad-aere' agronomie erops (Bateh, 1981). 

Indeed a number of cytokinin-containing commercial preparati<>ns 

already exist.· In the eontext of apical dominance control. use of 

chemical pinchers - selee,tive inh~bitors of shoot tip development -

might yield resu1ts similar to the decapi't:ation performed in this study • 

Reports on the future of plant growth regulation in grain legume 

production paint a bleak picture for this crop management component 

(Summe~field et ~., 1978). lt ia true that though the effects of 

Oùmerous chemicals with potential 'growth regulating activity' have been 

evaluated over the past thirty years, there are no compounds commonly 

used in current commercial soybean production (Egli, 1976). 

Furthermore, it is doubtful thJt plant growth regulators will ever have 

a p lace in peasant agriculture, and that thougl\ a short-term role may ~ 

be found for plant growth regulators in more sophisticated agricultural 

systems, a permanent role might rep~esent a failure in plant breeding 

(Summerfie ld ~ al., 1978). 
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t .r-' 
In the latter coatext, the fiadillll ot thh Itudy .. y have 

aianificance a. a probe of developMnt procelles worthy 04iC 

, ", 
.election. If the findins_ of the cultivar screening arl'! accurate • 

.odificationa of apical doIainance taight proYe valu.ble for a nuaber of 

,cùltivara J al the .jority of tho.e undetl .tudy vere .ubject to an 

~nequitable yield distribution over the whole plant. Crop improve.ent 

lIisht he achieved by incorporation of earlier branching and improved 

yield efficiency of the lover crop canopy. 
" 

The findinga of this study -tght inde~d be extended over a number 

of lenotypes (inc"luding SOtBe of DIOre deteninate growth habit> and over 

a variety of envirornents to further evaluate or elucidate a possible 

yield-limiting raIe of apical dominance. 
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4. ~IMSIn' SElIES 2. A MODEL ma INT!RIIODAL cntPETITtOR BE'lVIŒ" 

REPRODUCTIVE CCIfPOIŒ1I'1'S OF C(MI!A CV. VITA 5 

4.1 IntrocluctiOll 

In Section 2, ilt "' •• observed that for covpea cultivar Vita-5, as 

!UllY .. 60% of the primary yield eOlllpOn~nt sites (peduncles), ,.which 

bec .. productive fsHed to contribute to yie Id. Peduncle ac t ivity for 

these sites w&s either arrested (that is, there was a cessation of 

peduncle activity), 8uppressed (that is, peduncles came into activity 
i 

only wen more active sites had re'ached pod maturity) , or ceased (that 

is. tbe peduncles abscised). ConsequentIy, relatively few peduncles 

became and remained reproductive. 

88sed on anatomical studies. Adams (1967) has suggested that the 

dwarf fretich bean plant is composed of severai independent nodal units 

each comprising two trifoliate leaves. The view of a single plant as 

a population composed of modules such as leaves and associated axillary 

buds has been put forward in a number of studies, and Doust and Eaton 

(1982) presen findings for the existence of such demographic at tributes 

for the reproductive components of beans. 

While severaI studies support the existence of 'competithre 

inhibition' from older fruits with respect to later-formed ones (Van 

Stevenick, 1957; Tamas et 1!1-., 1979b), very little evidence exists to 

suggest that su ch competitive inhibition may be involved in other 

expressions of failure ta become and remain reproductive, Bueh as that 
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bet1Me1l reproduc:ti .. c'oi.poa.nt. in lIOdified covpea plant 1,.lt ... vill 

b. prel80ted ",. ltud,.iaa the diatributioa of Mc beewen reproductive 

cœpoDénta of anepdly differiq abiliti •• ta 'attract' .. dailate •. 
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4 .. 2 Materials _ad Kethod. 

\, ! 

4.2.1 \1 Preparation of the air aixture and exposure apparatu8 A 

Canad ian Liquid Air size 3 coaapreued gas cylinder vas used 48 • 

• 
reservoir for the 14c02 air mixture. To load this cylinder vith air 

having about 350 ppm Cal' 3.68 lIIIIOl COl vere generated from the reaction 

of 0.4 DID01 Bai4C03 (2.0 mCi of Ba
Z 

14c03 vith a speci'fic activity of 

5.0 ~i/1llD01 CO2) and 3.28 nmo1 K2co3 (453 mg) vith an excess'(20, mIs) 

of 90% formic actd-, in the bottom of a closed vacuuj flask. the flask 
- ~ ... 

vas connected in series ta the evacuated muter cylinder with a flow 

meter sdjusted ta deliver 300 cc/min. The IU8ster cylinder was allowed 

to draw air from the flask until it had reached atmospheric pressure, 

,) st which time the valve was c losed. The air within the cylinder, high 

in 14C02/C02 concentration, was then di1uted with a CO2-free synthetic 

, mixture from a Canadian _Liquid Air cylinder. adjusted ta deliver 500 

p"si. The master cylinder hence contained an air mixture with CO2 

si1l1i1ar in concentration ta that of normal air. 

From this synthe tic air mixture, lecture bottles were filled ta 

500 psi and used as the source of the 14C02-1abelled air mixture ta 

which plant 1eaves were exposed. The apparatus used ta exp<?se the 

1eaves was based on 5hat of Shimshi (1969) and obtained from the Bialogy 

Departm!!nt of McGill University (Plate 4) • 
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Appar~tu. for ~aure of le ... , Co 14co2 

Ca) pboto.,mth •• iziaa ch"'r , 

"\ Cb) air r ••• rvoir 

(c) J'T ... ur ........ / 
\ 

Cd) thre~~ valve 
", 

Ce) C02 trap 

Cf) cl.an air evacuation .,.C" 
.. 
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Plant .. terial A11 éxpericaents vere conducted on 

reproductivel, active 40-50 day old plants (uniform age vithin each 

experÏlllent:) which vere grown under the controlled enviro_nt conditions 

de.cribed previously (Section 3.2), but in twelve Cil pots,loIhich yielded .. 
plants approximately 25 Cil high and IIIOre œanageable for this type of 

experiMntation. 

Pro. each plant, and dépending on the experimen~,()ne (or two) 

reproductively active peduncle(s) was/vere selected. 'nie plants were 

" .' )1' 
then .er ipped of a11 le.vas and pedunc1es. except for the chosen 

peduncle and its (their) sùbtending leaf(ves), in a fashion 8Ïmiiar to 

that used by Willi&1IlS and Mar'inos (977) for Pisum lativum. - All 

peduncles (except when flowers and for pods vere retained) were 

decapitated. 'When flowers were retained, these were chosen su ch that 

they would open during the firat tventy-four hours after exposure ta 

'''CO 2· Plants with three day-old pods vere chosen for all, treatœnts 

in which pods were used. 

4.2.3 Hormone preparation and applicat ion to the peduncle stumps The 

IAA employed to direct the movement of 104 C labelled products was EiLat 

disSOlved in the lowest possible quantity of an appropria te solvent 

(95% ethano!) and then diluted with heated lanolin to the desired 

concentrations. Thes,~ solutions were poured hot into 5 cm petri dishes 

to a depth of 1.5 cm, atirred. and refrigel'ated. Large black straws 

(0.7 cm diameter milkshake straws which were spray-painted black three 

times) were cut tq, the required peduncle length and pressed into the 
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. hard.ad bOr*»ae/lolvent/lano1. in luspen.ions (or lolvent/lanolin , . ' 

,- < 

-.,,~,. ... iOll ••• 0. lano-11n val u •• 4 alolle). 'l'be resultant conge lad 

<'''Ip.nlioo.. - 0.7 CIl ln di_ter aDd 1.5 C1I deep, in the Itr.vs, vere 
1 

.ppl ied t-o th. decapitated peduncle scuap ends vith the whole of the-

peduocle letal,th hence covered by a black plutic ~arrier, p ..... nting 

~i&ht interception by the peduncle (Appendix C2). 

4.2.1+ Ixpoaure ta '''C02' and- ,.,..ur_nt and expression of Mc 

di.tribution Twenty-fou~:hours after hormone application to the 

peduDcle, Ituape, the leaf subtending the peduncla on each plant W8S set 

up in the photosynthesizing chamber (",ith the lower epidermis facing 

the circulating air and the upper epidermis faciog the light) for tan 

minutes under a fluore.ac~nt light source (approximat~ly 100 

\ 
microeinsteins/m2/sec), Fo11oving this exposure, the plants were left 

in the fume hood under fluorescent lights (approximatley 90 

microeilft8teins/m 2 /sec) for photosynthate distribution for 24 hours. 
\ 

This period was determined prior to experi~ntation (Appendix cl). 

Aftèr this period, the plants were eut at the soi 1 line and divided into 

component parts - stem, leaf, and peduocle. These were oven-dried for 

30 hours a t 70°C in a forced-air drier, after which they were weighed 

(Wein"!:! al.. 1976; Kuo !:! al.. 1978). Assayed samples coosisted of 

three finely-ground (0.5 mm mesh) 20 mg samp1es of tissue for each plant 

part, when enough tissue was 8vailab1e. 

The samples were prepared for liquid scintillation counting using 

a method described by Mahin and Lofberg (966) with modifications. For 
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each ample, tis,ue digestion and bleaching wINperformed by addio.g 0.5 
ce> 

aIs of a 2:1 solution of 3~ hydrogen peToxide and Got perchloric atid ~ 

to the dried tissues in \20 ml 'scintillation vials, and hrating the 

.ample vials for two- hours st 70°C. The sample' vials were then cooled 
\ 

to room t~rature and the digested samples were brought ta counting 

"ttate by dilution iith 15 mls of scintillation .fluid and agitation. 

The sc inti llstion fluid was formulated by dissolving 0.3 g o~ 

2,5-diphenyloxazole (PPO) in a 750 ml solution of toluene and 
, 0 

2-ethoxy!thanol (500ml : 250 mt). 

Measurements were performed in il Tri-carb liquid scintillation 

spectrometer, model 3000 series, Packard' Instrument Co., equipped with 

a~tomatic external standardization. The counts obtained were 

quench-corrected and converted to ~isintegrations pel' minute ~dpm). 

Despite th~ similarity of size, age, and fruiting charaeteristies 
, 

of the plants andcthe organs that were'used, 14C uptak~,varied greatly 

froin one plant to another (Appendices CS ,and C6), and actual Counts 

1 

could not be uBed for data analysis. Henee, the ae tiV'i ty of the plant 

parts (dpm/ 20 mgsample ) were averaged for t~e three samples and the 

percentage of total recovered aetivity for eaeh plant parr W8B obtained 

by 1Dl1tiplying t~is value by the plant part drr weight and divtding this 

by the total activity recovel!'ed fromthe plant. 
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4.3 !xperh.nt 1. 'l'he .,bilizing potential of pod., flovers. and 

UA applied exogenously on peduncle stuaps. 

4.3.1 Katerials and methods An experiment vas conducted to 

determine the potential of vadous treatments to Ilceumu1ate 

14C-assimi lates. TIte materials and methodology used were those 

described in Section 4.2. _ udng. tbe lesf and reproductive organs 

situated at the third main stem node of the plants. A completely 

randombed design eomprising 6 treatllents and 3 replieates o.f each 
\""t, 
.:,.~ 

treatment vas utilized: 

(a) one three-day old pod was maintained on the peduncIe; 

(b) one flover was maintained on the pedunc1ej 

(e) . the peduncle vas decapitated just below the floral cushion and 

lanolin Can ethanoi/lanolin èuspen.ion) vas placecl on tbe 

decapitated peduncle stump; 

(d) the peduncle vas treated as in (c) except that 10 ppm UA (an 

etha~ol/IAA/lanolin suspension) vas plaeed on the decapitated 

pedunc le stump; 

(é) the peduncle was treated as in (c) except that 100 ppm IAA (an , 

ethanol/IAA/lanoHn suspenaion) vas plaeed on the decapitited 

pedune1e .tump; 

" (f) the peduncle wa. treated as in (c) exeept that 1ooo..ppm UA (an 

eth_no l/IAA/1anolin su.pension) vas placed on the decapitated 

pedunc le stump. 
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Results are presented in ~igure 7 and Appendices C3 

and CS. '!'he presence of a three-day old poo resulted in the greatest 

accumulations observed here for a reproductive unit: (peduncle + 

leptoductive organ! or hormone). The presence of a flower also resulted 

in the accumulation of large amounts of 14C assimilates. though this 

vas approxirDateIy 27 percentage points lees than that 0 f a three-day 
() 

oid pod. Lanolin app lied to the pedunc le 9 tumps resu,l ted in on1y 

negligible accumulations of 14C assimilates. whqe the presence of sny 

of the concentrations of IAA in the lanolin suspensions resulted in 

rurked increases in the accumulation. T'Ile greatest increase occured 
J 

when the concentration of lM in the Ianolin suspension resulted in 

1118r1œd increaaes in' the accumulation. The ability of this treatment to 

cause accumulations of 14C assimilates was» at approximately 22% of a11 

atIsimi lates, lower than thàt of a three-day old pod or a flower. This 

concentràtion, however, vas chosen as the optimum concentration (of 
<J 

those under s tudy) for use in the subsequent experimen't. 

The ability of the reproductive units treated vith IAA ta 

accumulate 14C assit1l.~lates was subject to a good deal of variation 

(Appendices Cl and CS). This type of variation is not unconmon among 

experiments of this type (Davies ~ .!.!..,1966; Seth ancf;~Wareing, 1967; 

Hatch and Powell, 1971). Renee, in these types of experiments J it wouid 

appear Jafer to refer ~o trends rather than absolutes. Suffice it to 

say that though no c1ear-cut trend in the abiUty of increasing 

concentrations of lM to attract 14C-assimilates W8S observed, the 

presence of I.AA in the lano 1 in 

\ 
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Pigure 7 

14t activity recorded by peduncle unit (expre •• ed as % 

of total aetivity recovered by plant) of covpea 

cv. Vita-S. subjeeted to a number of 

treat.ents (refer to Section 4.3.0 

< .. ans of three replie.tes) 

T • Standard error 
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waa cha.racterized by a greater ability to accumulate 

a.siailatee than that of lanolin alone • 

. 'lbie experu.nt vas perfoa.d in order to estabUsh a basetiue 

of ruponse for use in the subsequent experu.nt. Bence, referance 

to these treat.ents in the future vill he in tenU of fairly 

esteblished reeponses IUch a. 'greater sink potentiel', 'gTeeter 

aobilizi.nc ebi lity' J or t dak strensth' j the presence of 100 ppm 

IAA in a decapitated .peduncle .tu.p. for exaaple. creating a 

" greater sink potentiel than the presence of only lanolin, but a 

1eeaer siDk potential than that of a 3-day old pod. 

--

,t 
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iment 2. The effect of two reproductive units of I/arying 

mobilizing potential at two different nodes on 

the dis t:ribution of 14c-assimilates from a gi ven 

led 
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4.;.1 ....... . . vuJect1ves This experiment was conducted in order to 

de termine the effeets of varying mobilizing potentials (as established 

in Sect ion 4.3) of two reproductive units on the distribution of 

14C "1 f • 1 f' l ' , d f -assuu ates rOlll a gl.ven ea, 1.U a p ant system compr1.se 0 two 

nodal units 

4.4.2 Maud.ls and _thoda 'lbe .. terials and methodology used were 

thole duçribed in Section 4.2.. uting the leet and a'ssoeiated 

reproductive unit situated at the third and fourth _in It .. nodes of 

the othemse totany pruned plants. A c.:.pletely randoaaized d!!sign 

compri.i", tell treat.enta (pre.ented diaar_ticelly in FilUre 8) and 

three replie.te. of eaeh treatMnt watt utilise!!. 

4.4.3 Results "eulu are pr ••• ated in Appeftdie .. C4 and C6 and 

'Fi,ures 9 and 10, vith the firat fiaure pr •• ented to aiv..e an cwerall 

pieture of 14C-dhtributiOll throuaf\ou.t: the aet-ial portiOft8 of the plant 

twenty-four houri after exp08ure of th. fed led and Figure 10 

presentina a ..ore precite picture of reaults obtained. 

1 
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.. 
for the reproductive units. When three day old poda were present at 

'-.../ bo:~h nodes J the reproductive unit at position 1 (pl) accumulated 

approxu-tely 38% of the as8ÎlIlilated 14C, white tha~ of position 2 (P2) 

acciaJla,ted about 51 of the total 14C (Figure 9.1.,,). This accumulation 

of a greater proportion of 14c by Pl vas consistent acroas aIl the ~ther 

treatments in which the 'sink potential t (as established in Experiment 

1 of this series) .as allegedly the S811le (or similer> for both positions 

(Figure 9 • .:1 .a-c). For treatments Ib and Ic ~ where \ the mobilizing 

&bilitie. vere 1ess pronounced (b) or essentially non"""E!xi.tent (c). the 

proportion of 14C retained by the fed leaf vas much higher (77% and 66% 

" 
respectively, versus 38% for treablent la). 'lba fed leaf in, fact 

r~r:ained a greater proportion of 14C assiailates in aU cases in wtaieh 

no actively srowina pod va8 present aC aither nade -(Fiaure 9.I.b .. e; 

II.c; III .e). thouch this ne le .. nocieeable wben IAA v .. pre.ent in 

the ianolin appli.d to the peduacle lea.p. 
, 

,/ 'lbe reaulU of the aecond _rie. of Creat.entl (pre.ented in Figure 
, 
i 

9. Il.a-c) reveal that wben links of •• troopr .,bilizi.Da potential vere 

pre.eat at Pl, &ad particularly ""en Chis vu a poet, there .,..s a aood 

dea1 of .. _at of l4C ••• iail.c .. out of the fad leaf .. but relatively 

litt1e 14C ft_ "iliaad by eC .. tia ..... s. the other 1 ..... , aud the P2 

reproductive unite. lIIJY .. nt to the latter poeitiotl .... 10... in 811 of 

tbue caeee, thoqb lt •• Itroacer "'""' UA .. preleGt ia the lanolin 

awHed to the pecJwacle stullp8. 

Wb .. a pod .... preMUt ac the P2 position (Ptcure 9.I1I.a,b; 

\' 



.. 

t} 

~~-_ ....... 

Figure 9 

% of total activity recovered by plant parts, 

for planta of covpea cv. Vita-5 subjected 

to variou. treatments 

(refer to fiaure 8) 

(.eans of 3 replic.te~) 
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IV.), there vas a good deal of. 14tc IlIiOvement out of the fed leaf, 
~ 

and, in add i t ion to be ing lIIOb il ized by the re produc t ive un i t s» a 

good deal of the Mc assimilates were observed ta be present in 

the stem tissues. Th is latter trend. though 81 ightly less 

pronounced. vas also observed when ~ in lan01io w.s applied ta 

the P2 unit and when only lanolin was applied to the decapitated 

peduncle stump at Pl (Figure 9. IlLe). 

A grester accumulation of total recovered activity by the 
1 

reproductive units vas observed when actively growing pods were 

present at: the reproductive sites, as better evidenced in the 

SU1IIIIIlrized filldings pTesented in Figure 10. This was found to be 

particularly true wen the pods vere located at the Pl position, 

whel'ein the reproductive units accullulated 27-50% of the 

assimilated 1,\:, of which no leu than 88% vas lIIObilized by the 

reproductive unit at position l (Fi3\lre IO.I.a; II.a,b;UI.a,b). 
/,-

Th.e reault ... of the firat series' of treaements presented in 

Figu~e 10 clearly' de!llOnatrate the IDObilizing abilities of the 

various treatmenta. vith pods at bath positions 4ccumulating 43% 

of the 1"C- asa imilates and with lanolin applications to the 

peduncle stuaps aCCl.a.l1atins only 2.6% versu~ a 9.61 accUlIIUlation 

occurring when LlA WBI present in the lanolin. 

It ie aho obviou8 froe the l'esult. of thi.. Satie series 

(Figure 10. I) th.t wben sink. of relatively the SaJDe mobilizing 

potential Vere present at both of the reproductive unit po.itions, 

the reproductive unit u.ociated vith the fed le.f obtained by far 

the greeter proportion of the 'Ailc ... iailatea lIIObilized by chase 
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Figure 8 

Diacr .... tic representation of treabaents 

Seri~1 2, Bxperu.ent 2: 

) 

LI • leaf at positioa. 1 (DOde 3) 

L2 • leaf at poaitioa. 2 (DOele 4) 

Pl • reproductive Wiit ae poaiti01l 1 (Dode 3) 

P2 • rept'oductive unit at po.ition 2 (node 4) .. • lad le.net 

• \ • peduncle 

~ • thrH day old pod 

0 • ..,Ued laDolin. 011 cteeapitatecl peduncle aeu.p 

• • ..,lied UA in l&DOlill 011 decaplt.ted peduncle 
atullf 
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units - the Pl position accumulating no less than 71% of the total. 

Not surprisingly, the same effect was observed ta be even more 

pronounced wen the Pl reprod~ctive unit was of a stronger' sink 

potential than tffitt of the P2 (Figure lO.II.a-c). The situation 

differed when the reproductive unit at position 2 was of a stronger 

sink potential thsn that of Pl, the effect being dependent on the 

mobilizing potential of the P2 reproductive unit (Figure 

lO.III.a-c; IV.). Hel;1ce, though an UA in lanolin treatment 

applied to the peduncle stump resulted in the accumulation of only 

2œ of the 14C assimilates by the reproductive units aven wb.en the 

-
mobilizing potential of the Pl position W8S low (lanolin alone), 

the presence of a three d~ld pod at the P2 position resulted in 
, " 

an BCCUlllJlation of 94% of the 14C assimilates found in 'i:hese parts 

(Figure IO.IILe and a, respectively). When a treatment of greater 

lIlobilizing potential (lU + lanolin) vas applied ta the Pl 

position, the P2 reproductive units accumulated 56% of the 14C 

a.s~latee (Figure IO.III.b). 

'l'bi. latter finding is aualagous to that observed when s three 
o 

day old pod vas present st the P2 position and s flower vas present 

st Pl (Figure IO.IV.). In this instance, the presence of a three 

day old pod at the P2 position reaulted in an accumulation of 62% 

of the 14C asswlaeea, vltile the flower and peduncle accUlllllated 

38% ; the co"bined total of activity r~covered by th •• e two 

reproductive units haing spproximately 16% hisber than when the 

hormone in lanolin treatment .8. used at the Pl position. 

-

l 
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4.5 Discussion 

The partition of assimilates within a plant appears to be 

de termined by the various 's inks' ~ich arise e i ther from ass imilate 

utilization for grovth or accumulation in the fonu of insoluble reserves 

(Wareing,1978). Unportant sinke for the photosynthates acquired by CO2 

fixation by mature leaves are Buch areas of active growth, notably: 

expanding leaves (Webb and Gorham, 1964; Williams, 1964); growing 

meristems (Aronoff, 1955); storage organs (Burt, 1964; Geiger, 1966); 
<1 

and growing fruits (Brown, 1968; Ashley, 1972; Harvey, 1973; Kippa and f 

Boulter, 1973; Wien ~!l., 1976; Williams and Marinos, 1977). 

Despite the absence of any generally accepted criteria for 

œeasuring 'sink strength', the ability to accumulate photosynthetically 

produced carbon assimilatea can be interpreted to be a fairly goo~ 

'reflection of a sink's strength potential. Though, as indicated above, 

it is'-generally recognized that developing fruits and storage grgans 

are important sinks for plant resources, the flower has received less 

attention and ia not thought to be a powerful sink (Hale and Weaver, 

1962). Nonetheless. experimenta vith carnation have shawn that as much 

as 70% of the 14C e~rted frOtll a leaf treated trlth 14CO 'may move into 

the flower in less than a day (Harris and Jeffcoat, 1972). Similarly, 

in Experiment 1 of this series, the flover WHS found to accumulate 

photosynthetically produced assimilates, though ta a lesser degree in 

terms of total accumulation than a three-day oldrpod. 

Relatively little ia known as to the determinants of the 

~titive ability of a sink, but each sink appears to be characterized 

________ ~.L-______________________________________ ~_ -

ï 
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by a certain 'mobilizingability' whereby ie can 'pull' or 'attract' 

assimilates against the competing abilities of other sinka (Wareing,-
o 

1978). Rence, in this study, the three-day old pod may be seen as 

having had a greater mobilizing ability than that of the flower (Figure 

7). Sünilarly, an artificial sink, such as that created by 100 ppm IAA 

in 18nolin applied to peduncle atumps were capablè'of accumulating 38 

times more 14C-assimilates after twenty-four hours than those 
a , 

accumulated When on1y 1an01in waa present (Figure 7). The mobilizing ~ 

abilities of the hormone-treated peduncle s~ump8 (or the hormone itself) 

was at most 1.6 and 2.9 times lesathan that of the pods and flavers, 

respectively. These differential mobilizing activities were further 

• observed when two reproductive units vere present on each plant (Figures 

9 and 10). A great deal of evidence exists to support the view that, 

for a number of crop species, the primary source of photosynthate for' 

a fruit is the leaf subtending it (Ashley, 1912; Ezedinma, 1973b). This 

association has been observed, in particular. for a number of legume 

crop species: cowpea (Ojehomon, 1972); French bean (Lucas ~al'J 1976; 

Wien ~ !l., 1976; Olufajo ~!l., 1982); field pea (Flion and Pate, 

1970); and garden pea (Linck and Sudia. 1960, 1962; Lovell and Lovell, 

1970) using 14C-labelled assimilates. While the leaves at a blossom 

node do "appear to be deeply cOOIIlitted ta nourishing subtended fruits, 

this association does not appear ta be exclusive. for broad beans at 

least (Croœpton !!. al. J 1981). FU~thermo~eJ in dwarf French beans. pod «-
assimilates have been shawn to he obtained in soœe circumatances from 

distant sources, while ca~bon fixed at a given point has been found to 

he widely distributed throughout the plant (Olufajo.~!!., 1982). 
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For cowpea, Ojehomon (1972) reported that a lesf exported its 

l4C "1 "1 h' fI '""1 -aSSl..ml. ates prunar1. y to t e 1.n orescence 1.n 1.ts axl.. • In the 

present study, the reproductive unit a9sociated vith the fed lesf at 

node 3 vas found to be the primary recipient of the trans10csted 14C 

assimi1ate, wnen'a stimulus of assumedly equivalent mobilizing ability 

vas present at the reproductive unit st node 4 (Figures 9. I.a-c snd 

lO.I.a-c). This effect vas even more pronounced when the reproductive 

unit associated vith the fcd lesf at' node 3 vas of greater 'sink 

potential' (or mobilizing sbility) than thst of the reproductive unit 

at node 4 (Figures 9.II.a-c and lO.II.a-c). When the opposite vas true 

and the reproductive unit 10cated at node ~ 'f8s of greater 'sink 

potential' than that of node 3 (Figures 9.IILa-c; 9.IV; lO.III.a-c; 

lO.IV), the former vas capable of mobilizing substantial proportions of 

the 14C asaiailates, though this depended on the relative mobilizing 

abilities of the sinks in question. In general, however a three-day 

old pod at the four th node vas capable of accumulating at least 56% of 

aIl 14C assi1lÙlated by the reproductive units 1Ihether the alleged 

1\ 

mobilizing stLmulus provided by the other reproductive unit vas _tairly \ 

strong (Pigure lO.IV.), weaker (Figure 9.ItI.b), or~S8entiallY \ 

non-existent (Figure 9.111.a). In addition, substantial quantities of 

the 4s8imi1ates vere translocated to the steas in these instances, Which 

might represent greater quantities of 14C aasimilates in the process of 

being tranelocated to the pod at node 4 or the teraporary storage of 

these for later use - the latter being a pattern observed in other 

species (Khan and Sasar. 1966; lamail and Sagar, 1981). 

The uptake of greater proporti0ll8 of 14C a .. i.ailates by a 
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reproductive unit distant fram the fed leaf could he of soma Unportance 

in light of the role which thia leaf ia thought to play. As atated 

before. tnia leaf is thought to be the primary exporter of 

photoassimilates to the inflorescence in its axil for' cowpea. ln a 

similar vein, Ezedi~ (1973b) has obsèrved that removal of some cowpea 

leaves at full bloom resulted in cessation of development and death of 

pods aris iog frOID the axils of these leaves. 'nlis would 8uggest that 

the normal development of su ch pods i8 dependent on the deployment of 

current assimilates from the Ieaves subtending th~m. Several 

experiments do in fact indicate that it ta current photosynthesis during 

the reproductive period that ia the major source of dry matter for seed 

yield in several legume species, rather than dry matter accuaulated in 

other plant parts during the vegetative period and translocated fram 

'torage (Yoahida, 1972; Hume and Crisvell, 1973; Egli and Leggett, 1976; 

Lucas ~!!... 1976; Wien !! al., 1976); IWo !! !!.., 1978). 

If then, an actively growing fruit at a distant node can sequester 

assimilates that aight have been asaociated vith the reproductive unit 

located et a given node, then thia aight 'atarve' the developing 

reproductive structurea at that node. Wien!! al. (1976) refer to this 

type of intern03al coapetition when plant parts,co.pete for a limited 
- . 

supply of aaai.iIatee, and point to other work whieh lends, support to 

the existence of competition for .8ssimilates (Lovell, 1969). 

Indeed, differen~ia1 co.peting abilities have been deaonstrated 

for a ~r of legu.e epecies, in that earlier-formed fruit. appear to 

proaote the abortion of 70unser reproductive structures, particularly 

when these are in the ..... inflorescence (van Stevenick. 1957, 1958, 
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1959; Tamas!! !l., 1979a; Huff and O1bing, 1980), Competition by 

fruits eould conceivably affect aIl stages of reproductive development, 

and it has ,been suggested that co~petitive inhibition might be 

~licated in 8ueh widespread plant phenomena as the failure of flower 

formation, floral abscisaion, and early fruit drop (van Stevenick, 195:7; 

Chan and Cain. 1967; Adedipe !! !l., 1976; Tamas !!. !l., 1979b). 

This type of competitive inhibition by developing fruts has also 

beeftOassoeiated with vegetative characteristies. Tamas ~ al. (1979a,) 

have demonstrated the apparent association of fruit growth to axillary 

bud dormancy in beans, and have postulated that developing fruits 

limited shoot growth by inhibiting axillary bud deve10pment, in addition 

ta other inhibitory effects observed on later-formed fruits. Fruit 

deve lopnaent has also been reported to enhanee aeneseenee in 1eaves 

(Leopold ~ !l., 1959) and apical meristems (Malik and Berrie, 1975). 

lt is not ineoDceivable, then, that such competitive inhibition might 

have been re.ponaible for the arrest, suppression, or abscission of 

peduDcles observed for this cowpea cultivar (Section 2.Ji.Figure J). 

If this is in fact the case and a limited supply of assimilates 

exiats, then tbe ability to sequeater these 88similates might be 

dete1'1lined by each 8Ïntc's mob~lizing ability. 'l1tere ia considerable 

evidence that endogenoua growth substances may play an important role 

in this respect (Wareing, 1918). 

The production of aignfficant allounts of endogenous growth 

substances ia vell a.sociated vith actively growing flower8, fruits, 

and seeds (Baagen-Sait !!. .!!.., 1946; Nitsch, 1955; Burrov and Carr, 

1910; Jeffcoat and Harris, 1912; Pate and Flinn, 1911; Davey and Van 
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Staden, 1978). Application of exogenous growth substances to 

,non-growin8 tbaues, by the same token, can lead to an increased 

IDOvement of assilllilatea to the point of application. Specific examples 
J,\ 

of thia in~lude the migration of amino acids toward a 'kinetin locus' 

(Mothes and Englebrecht, 1961) and the IIlOvement of C-aucrose from a 

site several' cm away ta the point of hormone application on a 

decapitated mature (non-growing) internode of dwarf pea or bean (Booth 

!! al., 1962; Davies and Warein8, 1965; Patrick and Wareing, 1913). 
\ 

The ide a that IAA-directed transport ( tbe most studied hormone in 

this regard) i. due 801ely to enhanced tissue growth at tbe site of 

application has been repeatedly disputed (Booth et al., 1962; Patrick 
-.- -

and Wareing, 1912, 1973, 1976) and considerable evidence exi~ts ta 

suggest a direct involvement of IAA in the normal proceases of phloem 

, loading and unloading (Wareina. 1978). 

lt see.. fair1y elear that it ia a phenomena in the sioks whieh 

de termines the tendency of alaLailatea ta collect there. Williams and 

Willi8lll8 (I978) de.)nltrated that the enhaneed acclIDIlation of 14C 

assi.ilate in peapod. caused by pod varming ~8 due bath ta an effeet 

on ovule growth directIy and to a 'AlaOte effect' on the transport 

system - the nature of this effect po .. ibly bei1'1l horœonal. 

'lbe hish levele of arovth lubstance. in developing flovers, fruits, 

and other aeth'ely 8r0'll1na are.e in the plant lend support ta thia 

hypotheaÎ8 (Jeffcoat and Rarris, 1972; Pate and Plinn, 1917). 'l'he 

effect of exopnoua appU.cati01ls of" arovth wb. tance. lead to further 

suue.tiona that the tranalocation of a •• iaUates ta dev.lopina fruite 

aiaht be reaulated. ~r at le •• t aoderated. by the pr •• ence of theae 

\ 

l 
1 
1 
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endogenoualy. Seth and Wareing (1967) obaerved that the application of 

UA ta a bean peduncle fram which the fruit had previously been removed 

'had the significant effect of enhancing the accumulation of 32p by this . . 

peduncle alter the isotope bad been injected tbrough the Item base. 

Similar observations vere made in tbe present study (Pigure 7) in which 

application of IAA enhanced the translocation of l~c assimilates from 

the fed leaf over tKat of a lanolin control. As (n the case of other 

studies this leada to the suggestion that auxin might have a key role 

in fostering assimilate flow ta the growing peduncle or fruit. 

Consequently, different endogenous auxin concentrations might be 

responsible for the ~referential movement of 14C assimilates t~ certain 
~ 

areas, such as was observed here. Purthermore~ if auxina (or any other 

growth substances) vere to he involved in the mobilizing ability of a 

growing organ, this preEerential movement might be responsible for the 

postulated competitive inhibition of peduncle activity. 

The findings obaerved here vere ba.ed on modified plant systems 

vith many organs removed and can, at hast, serve as a mode l, of what 

might occur in an intact plant • 

; 
, j 
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5. SUMMARY AND FINAL GONCLUSIONS 

In ligtlt of the observation chat che premature abs..cission of 

peduncles causes a great los. of theoretical yield potenti~l in eowpea 

(Stewart et al., 1980>, a aeries of etudies vas undertaken to gain a 

better underatanding,of this phenologieal companent of yield. 

TWenty-two cultivars wer~ screened in order to assess the severity 

of pedunele inactivity in a number of genotypes and ta de termine a 

baseline for further investigations. For many cultivars, it vas 

observed that very fev of the potential reproductive sites managed to 

contribute to yield. In the molt severe example (cultivar Vita-S) 60% 
-

of thoae peduncle sites wbich became producth,e failed to relia in , so. 

Mapping of the peduncle activity for this cultivar revealed that 

peduncle inactivity was attributable to the cessation of development, 

ta.porary suppres.ion, or abacisaion, vith only 17% of the vegetative 

node. po.seuina an ... ociated peduncle which contributed to yield 

(Section 2.3). Por this cultivar J it va. further observed that 

relatively little yield vas contributed by the upper twO thirds of the 

plant, despite the presence of several potential sites. "l'his 

observation vas 9uantified for a11 of the cultivara tested and vas 

observed to be true for the .. jodty of these. '!'hi. led ta the 

suggestion that the activities of the .. in .tem .. y have limited the 

reproductive capacity of the lover third of the plants, which included 

the lover branches. 

Bued on the findings of the cultivar screeoing, tvo' lines of 

reaearch vere conducted uli1l8 the cultivar Vita-5. In the fiut of 



t . .... 

93 

tbese (Experiment Series r', Section 3), tbe effects of a number of 

cbelllical and manipulative treatments, ~nown or tbougbt to influence 
, 

apical dominance vere reported. !1,odification of apical medstem 

activity by such means generalIy had favorable effects on yield 

accretion or harvest indices over those of control plants (Section 3). 

One, though not botb, of the etudies conducted with 

2,3,5-triiodobenzoic acid (TIBA) revealed an Lncrease in a11 yield 
.: 

components and this was at least in part a reflection of incrèases in 

the num3er of peduncles which became and remained reproduc<ive (Section 

3.3). 

Yield increases observed in the decapitation/benzyladenine 

treat.ents were not always a reflection of increases in the number of 

active peduncles. More often, tbese were due to increases ~,n tbe amount 

of dry matter appropriated to reproductive components (Sectioon 3.6). 

Either actuaI increases in yield or increases in harvest indices over 

control plants' were observed for tbe treatments in that study. 

Decapitation alone resulted in sn incresse in branching coœponents, 

yields, and harveat indices, while overalll vegetative dry weight 

aceumulat~ vas reduced. Benzyladenine application ta axillary buds 

following decapitation further increa.ed branching components compared 

ta decapitation alone and resulted in increased seed yields concOllllDÏ.tant 

vith incre •• ed vegetative yi.eIds. White foUar sprays of benzyladenine 

had no effect on branching unIes8 combined with decapitation, and no 

signifieant effects on yield over that of controls vere observe~ ~ 

!!, harveat indices vere increaaed by at least 30%. In addition to 

increased agronomie productivity'vhich lIlight be aven more evident in 
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high-density field plantings. tbe picture presented presented in Plate 

3 clearly demonstrates a more easily harvestable product for the foliar 

benzyladenine spray, with pods sitting weIl above the leaves. 

AlI of the treatments in the decapitation/benzyladenine study led 
, 

to a moie agronomically effident dry matter partitioning between 

reproductive and vegetative components, possibly by reducing competition 

for photoassimilates and nitrogen. Based on these findings, it was 

suggested that modificatigns of apical dominance through plant growth 

regulation might produce valuable yield increases for this cultivar 

and possibly others. Further. it was suggested that crop improvement 

might be achieved by selection for early branching. Such varietal 

differences in axillary bud development have been observed in tomato, 

for exemple (Tucker, 1979). 
\ 

, White SOlDe of the findings of Experiment Series t, lent support to 

the view that grester yield accretion might be reslized by a reduction 

in competition for plant resources in favor of reproductive camponents, 

the findings of Experiment Series II (Section 4) put forward a model of 

competitive inhibition between reproductive component8 themselves. 

Raving demonstrated variations in the ability of a sink to attract 

&sswlatea (vith a three-day old pod, for exaaple, accUlDUlating greater 

proportioos of 14C than a flover>. and having suggested that this might 

be due to homonal gradients, 'it ftS ob.erved that a coaape-titively 

strong enough reproductive - (or created) .iok could sequester large 

GIOunts of 14C-aui.ai.lates frOll a 80UTce generaUy a.sociated vith 

snother reproducti.ve unit (Section 4.4). Swlady t for studies on 

eoaspetition between betveen two wheat ears vith differiag grain tlUlIIbers 
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but receiving assLnilates from a common source leaf. it was observed 

that in the short term the ear with a larger number of grains drew a 

d isproportionately large share of its resources from the source leaf , 

equidistant from both ears (Cook and Evans, 1978). Bath the findings 

of this latter study and the one conducted here are cons{stent with the 

notion that a rapidly growing sink generates a greater flow from more , 
distant sources than does a weakly growing competing sink (Gifford and 

Evans, 1981). Rence, in light of the possibility of the existence of 

such t ~ompetitive inhibition'. a greater yield patential might be 

realizable by a greater synchrony of peduncle development, with 

competing sinks of similar strengths achieved by geneti~ selection or 

chemical manipul~ion. 

Two limiting processes ta yield aecretion in this cowpea cultivar 
1 

might be implied by the findings of this study", notably that of 

unfavorable effects on yield accretion'due ta apical domi~nce and that j 

of arrested, suppressed, or ceased peduncle activity due to competitive 
,J). 

inhibition by stronger sinka. 

Over the course of these experiments, the author has become aware 

of possible investigations that vould ~ontribute to the understanding 

of yield-limiting process~s in cowpea, and suggests that the following 

research be considered. a8 exten8ions ta the studies reported here. 

The treatments of the decapitation/benzyladenine studies might be 

extended over a number of genotype8, both determinate and inde termina te , 

and in various environments. including tropical field' conditions, tn 

order to better elucidate the interaction of apical dominance and yield. 

This would he of particular interest with nodulated plants, &ince 
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nodu1ation has been observed to promote branching (Summerfield et !l., 

1978), possib1y via cytokinin 'production. 

As the internodal competition study can serve only as a model of 

what mig!J.t occur in intact plants, it would be of interest to 

• • u 
Lnvestlgate 

~ v 
'competitive inhibition' on ~ whole plant basis. At 

reproductive units of di,ffering activity, endogenous hormone production 

might be studied, and more exact quantitative tracer techniques than 

those used here might be employed to de termine 'sink strength'. The 

author reconmends that, for these latter types of studies, a known 

quantity of tracer material be supplied to plants, in order to 

facilitate and strengthen data analys~s. 

96 
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Figure 10 

14(: activity recoverec1. by reproductive units of 

cawpea cv. Vita-5 subjected to various 

treabDents (refer to Figure 8) 

(meana of 3 replicates) 

x - 14c activity found in reproductive units expressed, as 
% of total activity r~covered by plant 

x - standard error of X 

y - 14c activity found in reproductive unit Pl expressed as 
% of total activity recovered by reproductive units 

Z -' 14c activity found in reproducti:v" ~nit P2 expresaed as 
% of total activity recovere~by reproductive units 

y - standard error of y and Z -
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Appendix A Analysis of variance: Cultivar screening 

(Section 2) 

Plant attributes recorded: 

1. Days to emergence 
1. Days to anthesis 
3. Days to harvest 
4. Pedunc le number 
5. Percent non-functional peduncle sites 
6. Pods per p tant 
7. Seeda per pod 
8. Mean seed wight 
9. Seed veight (g/plant) 

1. Source of variation 
Mode 1 

df 
22 
21 
43 

SS 
24.86 
9.93 

34.80 

2. 

Error 
Corrected total 

Source 
TreatJlent 
Block 

Source of variation 
Mode 1 
Brror 
Corl:ected~total 

Source 
Treat8ent 
Block 

df 
21 
1 

df 
22 
21 
43 

df 
21 
1 

S8 
14.30 

0.57 

SS 
892.27 
149.63 

1041.91 

S8 
891.91 

O.OS 

MS F PR>F c.v. 
1.13 2~39 0.0252 15.05 
0.47 

F 
2.45* 
1.20 

Q 

MS r 
40.56 5.69 

7.13 

P 
5.96*** 
O.OS 

PB>P c.v. 
0.0001 5.34 

," 



3. Source of variation 
Model 
Er.ror 
Corrected total 

Source 
'rre.tlllent 
Block 

4. Source of variation 
Model 

S. 

6. 

Error 
Corrected total 

Source 
Treatment 
Block 

Source of variation 
Model 
Error 
Corrected total 

<, 

Source 
Treatlllent 
Block 

Source of variation 
Model 
Irror 
Corrected total 

Source 
Treaœeut 
Block 

df 
22 
21 
43 

df 
21 
1 

df 
22 
21 
43 

df 
21 
1 

df 
22 
21 
43 

df 
21 
1 

df 
22 
21 
43 

dl 
21 
1 

ss 
2147.95 
, 273.93 
2421.87 

SS 
2141.39 

6.57 

SS 
1275.50 
237.47 

1512.98 

SS 
1179.48 

96.02 

SS 
8334.15 

999.23 
9333.39 

5S 
8323.42 

10. 7~ / 

58 
657.23 
94.66 

751.89 

SB 
653.39 

3.84 

MS 'F PR>F 
97.63 7.48 0.0001 
13.04 

F 
7.82*** 
0.50 

116 

C.V. 
4.47 

MS F PR>F C.V. 
57.98 5.13 0.0002 '17.27 
11.31 

F 
4.97*** 
8.49** 

MS F 
378.83 7.96 
47.58 

F 
8.33*** 
7.42* 

MS , 
29.87 6.63 
4.51 

, 
6.90*** 
0.37 

,'l 

PR>F C.V. 
0.0001 20.79 

PIbF C.V. 
0.0001 12.61 

, , 
;. 

. , 
" 

" 



7. Source of variation 
Mode 1 

8. 

Brror 
Corrected total 

Source 
TTeatment 
Block 

Source of "ariation 
Mode 1 
Enor 
Corrected total 

Source 
TTeatment 
Block 

9. Souree of "ariation 
Mode 1 
Bnor 
Coneeted total 

Source 
Treac:.ent 
Block 

<9 

* • .icaifieant at ,.0.05 
** • aicaificant at ,.0.01 
*** • .icaifieant at ,.0.001 

1 

df 
22 
21 
43 

df 
21 
1 

df 
22 
21 
43 

df 
21 
1 

df 
22 
21 
43 

S8 
266.35 
45.51 

311.86 

S8 
256.48 

9.87 

S8 
62058.08 

2726.90 
64784.97 

~1, 

SS 
61988.28 

69.80 

S8 
1933.53 

254.52 
2188.05 

df SS 
21 1923.93 
1 . 9.60 

MS F PbF 
12.1r 5.59 0.0001 

2.17 

F 
5.64*** 
4.55* 

MS F 
2820.82 21.72 
129.85 

F 
22.73*** 
0.54 

PR:>F 
0.0001 

MS F pJt)P 

87.89 7.25 0.0001 
12.12 

F 
7.24*** 
0.63 

117 

C.V. 
12.18 

c.v. 
9.06 

c.v. 
14.45 



Appel'ldix B1.1 Ana1ysia of variance: TIRA pilot study 
(Section 3.3) 

Plant attributes recorded: 

1. HUmber of active peduncles per plant 
2. au.ber of poda per plant 
3. lbIber of aeeda per pod 
4. au.ber of aeede per plant 
5. Mean aeed weipt (1111) 
6. Seed weight (,) per plant 

1. Source of variation 
!b:Iel 

df 
6 
8 

14 

SS 
92.13 
24.80 

116.93 

MS po PB>F 

Irror 
Corrected total 

Source 
Treat.nt 
Block 

2. Source of variation 
!b:Iel 
Error 
Corrected total 

Source 
Treat.nt 
Black 

... 

df 
4 
2 

df 
6 
8 

14 

df 
4 
2 

ss 
69.60 
22.53 

ss 
185.07 
34.27 

219.33 

SS 
161.33 
17.73 

15.36 4.95 0.021 
3.10 

F 
5.61* 
3.63 

MS F 
30.84 7.2 
4.28 

r 
9.11** 
2.07 

.... 
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c.v. 
17.15 

c.v. 
15.14 " 
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3. Source of variation 
Mode 1 
Error 
Corrected total 

Source 
Treatment 
Block 

4. Source of variation 
Model 
Error 
Corrected total 

Source 
Treatment 
Black 

v 

5. Source of variation 
Model 
Error 
Corrected total 

Source 
Treat.ent 
Block 

6. Source of variation 
- Mode 1 

Error 
Corrected total 

df 
6 
8 

14 

df 
4 
2 

SS 
9.88 

16.43 
26.31 

SS 
2.98 
6.90 

df SS 
6' 19178.93 
8 . 9314.80 

14 28493.73 

df SS 
4 14810.40 
2 4368.53 

df 
6 
8 

14 

df 
4 
2 

df 
6 
8 

14 

SS 
2802.33 
5312.29 
8174.62 

SS 
1192.15 
1610.18 

SS 
268.22 
309.35 
571.51' 

Source df SS 
229.19 
38.43 

Tra.t.ent 4 
Block 2 

* • ailDificant at p - 0.05 
** • aianificant at p - 0.01 
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MS F PR>F C.V. 
1.65 0.80 0.60 14.84 
2.05 

F 
0.36 
1.68 

MS F 
3196.49 2.75 
1164.35 

F 
3.18 
0.21 

PR>F 
0.09 

MS P PB>F 
467.06 0.70 0.66 
671.54 

F 
0.44 

MS 
44.10 
38.67 

P 
1.49 
O.SO 

P PR>P 
1.16 0.41 

C.V. 
25.68 

C.V. 
21.59 

C.V. 
38.62 

\ 
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Aplpendix BI. 2 Correlation coefficients: TIRA pilot study 
(Section 3.3) . 

Plant attributes: 

1. (PED/PL): Humber of active peduncles per plant 
2. (POD/PL): Humber of pods·per plant 
3. ( S/pOD): Humber of seeds per pod 
4. ( S/PL ): Humber of seeds pe~ plant 
5. (MSW ): Mean seed wight 
6. ( SW ): Seed wight, Cg} per plant 

l'OD/PL SIPOD SIPL MSW SW 

PED/PI 0.90** -0.09 0.65** -0.39 0.63* 

POD/PL 0.18 0.88*** -0.28 0.71*** 

SIPOD 0.60* -0.19 0.58*** 

SIPL -0.28 0.90*** 

MSW -0.65** 

* • .ianificant at p • 0.05 
.. • .ianificant at p • 0.01 

~-*** • sianificant at pa 0.001 
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Appendix B2 Analysis of variance: TIBA study 
(Section 3.4) 

Plant attributes recorded: 

1. Humber of active peduncles per plant 
2. Humber of pode per plant 
3. lfumber 0 f seede per pod 
4. Humber of seeda per plant 
5. Mean leed veigbt (mg) 
6. Seed weight (g) per plant 
7. Humber.of branches per plant 
8. lfumber of nodes per plant 
9. Humber of nodee arising fram branches per plant 

10. Number of main stem nodes 
11 Aerial vegetative dry weight (g) per pUnt 

1. Source of variation 
Mode 1 
Error 
Corrected total 

2. Source of variation 
Mode 1 

3. 

1 

, 4. 

Error 
Correeted total 

0 

Source of variation 
Mode 1 
Error 
Correeted total 

Source of variation 
Mode 1 
Errer 
Corrected total 

df 
1 
6 
7 

df 
1 
6 
7 

df 
1 
6 
7 

df 
1 
6 
7 

S8 
6.13 

22.75 
28.88 

SS 
6.13 

22.75 
28.88 

S8 
0.02 

51.83 
51.85 ", 
S8 

171.13 
93.75 

264.88 

MS II' 
6.13 1. 62 
3.79 

MS II' 
6.13 1.62 
3.79 

MS II' 
0.02 '0.00 
8.64 

MS F 
171.13 10.95 

15.63 

-

C.v. 
50.25 

C.v. 
47.21 

C.v. 
39.05 

C.v. 
14.57 
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"f' 
t. s. Source Qf variation df SS MS F C.V. 

Mode 1 1 1843.81 1843.81 7.45 11.71 
Error 6 1485.77 247.63 
Corrected total 7 3329.58 



, -. 

12. Source of variation 
,Model 

Corrected total 

SS MS F 
840.50 840.50 110.84 
45.50 7.58 -

886.00 

" 

c.v. 
4 4 • 79 

~ 
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Appeadix 13 ADalYlia of variance: BA pilot ltudy 

Plant attribute. 

,-
recorâeci': ' 

, ~ 

1. lbIber of active ped~clea per p~ 

<fi' 
1. 

2. 

2. 'RIaIber of poda ~r plant 
3. 1Itmber of .eed. per ~ 
4. Raber of .eeda per plant 
5. Mean, aeed Ript (III> 
6. Seed weipt (g) per pl~t 

,. 
, 

Source of variation /' df 
!bdel 9 
Error 14 
Cottec~d total 23 

j 

1 

• 
Source df 
Block 2 
~e of applicationCM) 1 
concentration of !ACC) 3 
K*C 3 
"1' 

Source of variation df 
Mode 1 ,9 
.!rror 14 

. Corrected total 23 

Source df 
Ilock /'2 
lIocle of application(J() 1 
CoDcentratÎOll of MeC) 3 
II*C 3 

SB 
39.58 
44.92 
84.50 

SS 
7.75 
1.50 

28.17 
2.17 

S8 
75.92 

107.92 J 

183.83 

SB 
8.08 
0.17 

64.17 
3.50 

KS 
4.40 
3.21 

P 
1.21 
0.47 
2.93 
0.%3 

MS 
8.44 
7.71 

r 
0.5% 
0.02 
2.77 
0.15 

., ppp 
1.37 0.29 

F PI>I 
1.09 0.42 

.. ' 
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~ 
J 

c.v. 1 
31.1S "" l 

1 
J 

'\ 

c.v. 
32.35 
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ft 

5. 

Source df 
Ilock 2 
MOde of application(M) 1 
Concentration of IA(C) 3 
M*C 3 

« 

SourtIc. of variati011 df 
Model 9 
Error 14 
Corrected tocal 23 

Source df 
Block 2 
Mode of application(M) 1 
Coac:entratioa of M(C) 3 
II*C 3 

6. Source of variati011 
IIDdel 

df 
9 

14 
23 

&rror 
Corne ted total 

~ ~1 

SS 
3991.00 
433.50 

1987.67 
2137.50 

SS 
904.21 

2214.26 
3118.47 

SS 
697.69 
24.64 
95.68 
86.20 

,88 
139.99 
97.92 

231.92 

P 
4.20 
0.91 
1.39 
1.50 

MS 
100.47 
162.45 

P 
2.15 
0.15 
0.20 
0.18 

F PR:>P 
0.62 0.~6 

\ 

MS F P.I>P 
15.55 2.22 0.09 
6.99 

--------

c.v. 
8.71 

c.v. 
26.27 



c 

\ 

Saurce df 
Black 2 
Mode of application(M) 1 
Concentration of BA( C) 3 
M*C 3 

* - eipificant at p • 0.05 

S8 
54.76 
14.52 
38.07 
32.64 

, ---

F 
3.91 
2.08 
1.81 
1.56 
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Append i.x 14.1 Analysis of variance: Deeapitat:ion!beldYladenine .tudy 
(Section 3.6) 

Plant attribut:es reco~ded: 

1. NumbeJ; of branches per plant 
2. Humber of vegetative nodes originating fra. 

branches per plant 
3. Number of nodes per branch per plant 
4. Humber of active peduncles per plant 
5. Humber of pods per plant 
6. Humber -of seeds per pod 
7. Number of seeds per plant 
8. Mean seed weight (mg) 
9. Seed weight (g) per plant 

10. Aerial vegetative dry veight (g) per plant 
Il. Total aerial dry weight (g) per plant 
12. Final node number per plant 
13. NUmber of nodes appearing after treatment per 

plant 
14. Harvest index 
15. Beight (cm) 

1. Source of variation 
Mode 1 

df 
4 

15 
19 

SS, 
12.70 
26.50 
39.20 

MS P 
3.18 1.80 
1.77 

c.v. 
31.65 

Error 
Corrected total 

2. Source of variation 
Mode 1 
Error 
Corrected total 

3. Source of variation 
Model 
Error 
Correc ted total 

df 
4 

15 
19 

df 
4 

15 
19 

SS 
443.20 

66.75 
510.95 

SS 
15.54 

2.84 
18.38 

MS P c.v. 
110.80 24.53*** 23.75 

4.52 

MS P c.v. 
3.89 20.54*** 21.33 
0.19 

~ \ 



4. 

5. 

6. 

,7. 

8. 

Source of variation 
Model 
Error 
Corrected total 

Source of variation 
Mode 1 
Error 
Corrected total 

Source of variation 
Klde1 
Errer 
Corrected total 

Source of variation 
~e1 
Error 
Corrected total 

Source of variation 
Mode 1 
Error 
Corrected total 

9. Source of variation 
Mode 1 
Error 
Corrected total 

10. Source of variation 
Mode 1 
Errer 
Corrected total 

df 
4 

15 
19 

df 
4 

15 
19 

di 
4 

15 
19 

df 
4 

lS 
19 

df 
4 

lS 
19 

df 
4 

15 
19 

df 
4 

15 
19 

SS 
5.30 

19.50 
24.80 

ss 
13.50 
28.25 
41.75 

SS 
72.55 
40.25 

112.80 , 

------

S8 
818.30 
121.50 
939.80 

S8 
1153.26 
3121.94 
4275.19 

SS 
10.34 
2.82 

13.16 

SS 
150.84 
42.01 

192.85 

MS F 
3.38 1. 79 
1.88 

MS F 
18.14 6.76** 

2.68 

MS F 
204.58 25.26*** 

8.10 

MS F 
288.31 1.39 
208.13 

c.v. 
33.54 

c.v. 
28.89 

C.V. 
27.41 

c.v. 
10.99 

C.v. 
9.77 

MS F c.v. 
2.59 13.77*** Il.51 
0.19 

MS F c.v. 
37.71 13.46*** 15.64 

2.80 
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11. Source of variation 
Model 
Error 
Corrected total 

12. Source of variation 
Model 
Error 
Corrected total 

13. Source of variation 
Model 
Error 
Corrected total 

14. Source of variation 
Madel 
Error 
Correeted total 

15. Source of variation 
Mode 1 
Error 
Corrected total 

df 
4 

15 
19 

df 
4 

15 
19 

df 
4 

15 
19 

d( 
4 

15 
19 

df 
4 

15 
19 

** • signifieant at p • 0.01 
*** • signifieant at p -0.001 

SS 
176.26 
44.15 

220.41 

SS 
325.30 
97.50 

422.80 

SS 
311.70 

71.50, 
383.20 

SS 
499.60 
222.48 
722.08 

S8 

MS F c.v. 
44.07 14.97*** 11.86 

2.94 

MS F C.V. 
81.33 12.51*** 16.55 

6.50 

MS F C.v. 
77.93 16.35*** 20.22 
4.77 

MS F C.V. 
124.90 8.42*** 14.35 

14.83 

MS F C.v. 
7002.00 1750.50 86~'95*** 7.61 
302.00 20.13 

7304.00 
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~ndix 84.2' Correlation coefficients: Deeapitationl benzyladenine 

a study: yield eomponents (Section 3.6) 

Plant attributes: 

1. (PED/PL): Nwlber of active peduneles per plant 
,2. '(POD/PL) {, Humber of poela per plant 
3. ( S/POD): Humber of seeda per pod 
4. ( S/PL ): Humber of .eeda per plant 
5. (MSW ): Mean aeed weight 
6. ( SW ): Seed weight Cg) per plant 

POD/PL S/poo 
1) 

PED/PL -0 .. 11 0.37 

POD/PL -0.73*** 

S/POD 

S/PL 

MSW' 

* • .ianificant at p - O.OS 
** • lignifieant at p - 0.01 
*** • signifieant at p. 0.001 

S/PL MSW 

-------
0.38 -0.22 

0.02 0.22 

0.60** -0.49* 

-0.59** 

SW 

0.41 

0.14 

0.49* 

0.93*** 

-0.27 
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Appendix 84.3 Correlation coefficit!nt8: Decapitationl benzyladenine 
study: vegetative and yield attributes (S~ction 3.6) 

Plant attributes: 

131 

1. (VEG!PL): .brial vegetative dry wight per plût 

VF.G/PL 

rN/PL 

NIf/PL 

NIT/PL 

2. (DW !n): Total dry wight (g) per plant 
3. ( n/PL): Final node nUlllber per plant 
4. (NRT/n): l'fuIIber of node. appearing after 

treatment per plant 
5. ( Hl ): Harv.st index 

DW/n RN/PL NNT/n Hl 

0.97*** 0.72*** 0.68*** -0.75*** 

0.77*** 0.J4*** -0.59** 

0.95*** -0.41 

-0.37 

* - aipificant at p • 0.05 
. ** - aipificant at p • 0.01 

*** - lignificant at p. 0.001 

-
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Appendix Cl. The effect of tilDe on the distribution of 14c assimilates 

frOID a lesf fed 14c02 

ACl • l Ob jeetives A prelwnary expt:rriment was conducted in order 

determine a suitable time for photosynthate distribution to the plant 

parts under study. 

ACl.2 Materials and Methods Plants vith three-day old pods present 

at the third node vere used and pruned to one lesf t one pedunele, and 

one pod t according to the specifications outlined in Section 4.2. As , 
deacribed t the single fed leaf on esch plant waa oposed to 14c02 for 

ten minutes. In this experiment, the patterne of 14c translocation vere 

studied sfter (a) 6 hour and (b) 24 hour light periode. t'he full 

photoperiods were opted for, ae it is aeneraUy considered necessary to 

do this in arder to prevant confOWldilll the effeets of translocation 

with those chat occur due to the tu. of day (au .. ell and Jacklon, 1975; 

Vain .!! !l., 1976). the t:wo treac:.nts .. re replicsted three tilles 

each. 

ACI.l Beaults and Di.eu.don Result. are pr.sented in Table 10 and 

"pendu C 7. After 6 hours t uarly 701 of 1.ec i:ncorporatecl by the 

ainale led hacl been retai1leCl by thb 1.af and only approxiMtely 10% t 

_8%, and 12% of the total recoverecl activity .. loestecl in the poet, 

peduncle, and st_ tissues, re.peetively. Onr 24 houra, 
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Table 10. Distribution of recovered activiety ( % of total) in plants 
at 6 and 24 hours folloving 14c02 exposure to a single leaf 

Plant parts % of total recovered activity 

leaf 
stem 
peduncle 
pod 

after 6 hours 

69.22 (2.3) 
11.94 (2.2) 
8.42 (0.7) 

10.41 (0.8) 

figures represent the means of 3 observation •• 
standard error in bracketa. 

after 24 hours 

29.93 (1.3) 
12.67 (2.3) 

-- 19.46 (1.6) 
37.94 (1.1) 

hovever J over 70% of the 14(: incorporated by the single fed lesf hd 

a:M!Id out of thia leaf. and .-ch greater proportiona hd .:wed into the 

reproductive unit (peduncle + pod) located in the leaf's axile White 

a .iailar proportion for .t_ accu..alaeion va. obeerved for periode of 

<J 6 and 24 beurs J tbe lO'Dl1tr translocation period al10wed for a rreater 

proportioo of the 1"'c ••• wlate. ta he accu.alated by the peduncle and 

the pod (2.3 and 3.6-fold iucr ...... re.pectively). 

Bued on th. ob .. nation of incre.aed lIOV_nt of photoa •• iai.late. 

ta the r.productive \l'Clit after 24 houre t thil tille period va. u.ed for 

subaequent atudie •• 
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Appendix C2. The affect of a black plastic barrier over the peduncle 
, 

on the distribution of '4c fram a fed leaf 

AC2.1 Obj ect ives As organs such- as the pedunc le are' 

characteristically photosynthetic., it was felc that the photosynthetic 

contribution of the pedunle might differentially affect 14(: distribution 

fr01D one plant ta another by 'dilution' of the 14c contribution to the 

peduncle stumps and reproductive organs. -Renee, a preliminary test was 
J 

conducted in arder to ascertain the,effects of a black plastic barrier 

designed to alleviate light interception by the peduncle. 

AC2.2 Haterials and raethoda Planta with three-day old poda present 

at the thiid node were used and pruned to leave one lesf) one pedunc le, 

and one pod according to the specifications outlined in Section 4.2. 

As described. the single leaf on each plant was exposed to 14c02 for 

ten minutes. In this experiment, the patterns of '4c translocation 

were atudied when (a) peduncles were left as i9; and (b) when they were 

covered by a black plastic barrier (large black straws - 0.7 cm diameter 

ail~ straws which were spray painted black and eut to the required 

peduncle length). 

AC2.3 Results and discussion Results are presented in Table 12 and 

Appeodix CS. Similar proportions of '4c were exported from the leaf in 

both" inatances. Whert; a black plastic barrier was present, greater 
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Table 11. Diatribution of recovered aetivity ( % of total ) in planf 
parts, vith Ot' without a black plastic barrier over the 
peduncle, 24 hours fo-llowing 14c0

2 
exposure to a sing'le leaf. 

Plant parts 

luf 
stn 

1 peduncle 
pod 

% of total_ reeollered aet ivity 

vith black plastic 
barrier 

29.59 (1.0) 
9.12 0.3) 

16.97 (2.5) 
44.31 (2.1) 

without black plastic 
barrier 

29.92 (1.3) 
12.67 (2.3) 
19.46 (l.6) 
37.94 (l.t) 

figures repre.ent the llleans of three observations_ 
standard error in bracuts. 

quantities of 14c-assimilates were diverted to the reproductive organs 

(peduncles + pods), though the difference was minora Hence, sinee the 

eJfe<:ts on 14c ~istribution vere negligibl~, if 9ueh differences 

did axist, the black plastic barrier was used in subsequent experiments, 

in order to alleviate undue variability. The similarity of response 

aho ailoved for reasonabte estiœation of the "eritable effects of 

subsequent treatlDl!nts had no 8ueh barrier been present. 

\ \ 
i 
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AppendiJe Cl Mean. artaly.is : mobilizing potenti~l study 
(Section 4.3;Figure 1) 

Trt. Plant 
Part 

A. Stem 
Leaf 

Peduncle 
unit 

B. Stem 
Leaf 

Peduncle 
unit 

C. Stem 
Leaf 

Peduncle 
unit 

D. Stem 
Leaf 

Peduncle-
unit 

H. Stem 
Leaf 

Peduncle 
unit 

F. Stem 
Leaf 

Peduncle 
unit 

Mean -Standard 
deviation 

3.1301 1.0638 
35.2294 0.6912 

61.6405 1.6986 

23.5322 2.3313 
41.4890 3.7940 

34.9788 4. 0111 

45.5621 13.0964 
53.878113.3106 

0.5598 0.2148 

23 .. 8429 5.3867 
70.3500 6.4361 

5.8071 1. 0515 

24.9873 7.5479 
53.4610 16.5782 

21.5516 9.2973 

27.3290 1.7989 
66.'1310 4.1305 

6.54014.8463 

Standard 
en'or of 

me an 

1.6142 
0.3991 

0~9807 

1.3460 
2.1905 

2.3158 

7.5612 
7.6849 

0.1240 

3.1100 
3.7159 

0.6071 

4.3578 
9.5714 

5.3678 

1.6160 
2.3848 

2.7980 

means are that of three observations 

Sum 
t . 

Var14nce C.V. 
(%) 

9.3903 1.1316 33.99 
105.6882 0.4778 1.96 

184.9215 2.8853 2.76 

70.5-967 5.4350 9.91 
124.4669 14.3948 9.15 

104.9363 16.~0888 11.47 

136.6862 171.5160 28.74 
161.6342 177.1731 24.71 

1.6796 0.0461 38.36 

71.5286 29.0169 22.59 
211.0500 41.4240 9.15 

17.4214 1.1057 18.11 

-

74.9620 56.9718 30.21 
160.3831 274.8379 31.01 

64.6549 86.4401 • 43.14 

81.9870 7.8340 10.24 
198.34926 17.0611 6.25 

19.6204 23.4868 14.10 
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• Append ix C4.1 Me ans analysis : internodal competition study 
.! 

(Section 4.4; Figure 9) ~J 

~ . 
~ i 

Trtmt. Plant Mean Standard Standard SUJIl Variance c.V. ~ 

'" Part deviation error of (%) ~j .. 

me an ~ 

l 
/. 

~ 

1 1 

I.a Stem 9.5827 1.8956 1.0944 28.7481 3.5931 19.78 \l 
LI 38.2496 8.7294 5.0399 114.7487 76.2020 22.82 ~ 

L2 9.0035 0.8157 0.4710 27.0105 0.6654 9.06 
: 
; 

Pl 37.8682 6.6830 3.8584 113.6046 44.6622 17.65 1 

i ' , P2 5 .. 2960 1.2452 0.7189 15.8880 1.5506 23.51 
--~~ ! 

1 
Lb Stem 18.2220 2.6054 1.5042 54.6660 6.1880 14.30 

1 
LI 66.2378 9.9300 5.7331 198.7135 98.6040 14.99 
L2 5.8948 1.2296 0.7099 17.4425 1.3054 19.38 
Pl 6.8416 3.6194 2.0897 < 20.5241 13.1002 52.90 
P2 2.8039 3.4899 2.0149 8.4116 12.1798 124.47 

1;\ 

I.e Stem 14.6434 3.0193 1.7432 43.9302 9.1164 20.62 
LI 76.9592 2.9808 1.7211 230.8777 8.8862 3.87 ~ L2 5.8142 1.2296 0.7099 17 .4425 1.5120 21.15 'f 

\ Pl 2.3930 0.4477 0.2585 7.1189 0.2004 18.71 ~ 
P2 0.1902 0.1116 0.6443 0.5706 0.0125 58.67 

.. 

1 
l 

II.a Stem 8.7055 3.4353 1.9834 26.1166 11.8013 39.46 1 LI 37.8177 2.3372 1.3494 113'.4531 5.4627 6.18 
L2 3.3186 1.4963 0.8639 9.9559 2.2389 45.09 

.; 

Pl 48.8464 5.9212 3.4186 146.5393 35.0602 12.12 
pi 1.3117 0.5525 0.3190 3.9350 0.3052 42.18 

II.b StemD 8.4622 ,2.1275 1.2283 25.3866 4.5264 25.14 , 
LI 65.5916 3.6753 2.1219 187.7748 13.5079 5.87 
L2 1.5963 1.3055 0.7537 4.7889 1.7043 81. 78 
Pl '25.1216 0.6936 0.4004 75.3648 0.4810 2.76 
P2 2.2283 2.2584 1.3039 6.6850 5.1002 101.35 

<> 

.b 
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2[8185 II.c St_ 11.3144 , .6788 0.962' 33.9832 14.84 ... LI 65.2:J77 .8542 2.2152 195.7132 14.8549 5.91 
Ll 8.9031 3.5287 2.0373 26.7093 12.4519 39.64. 
Pl 12.7:J40 3.8634 2.2305 38.2018 14.9260 30.34 
P2 1.8108 0.7824 0.4517 5.4325 0.6122 43.21 j 

.... 

III •• Stea 39.2914 6."7064 3.8719 117.8741 44.9759 17.07 
LI 43.1781 5.5845 3.2242 129.5342 31.1870 12.93 
L2 4.3176 0.8643 0.4990 12.9527 0.7471 '20.02 
Pl 0.7617 0.3856 0.2227 2.2850 0.1487 50.63 
1!2 12.4513 1.5986 0.9229 37.3540 2.5554 12.84 

< • 

III.b St_ 28.6355 1.8506 1.0684 85.9065 3.4246 6.46 
LI 31.1540 3.3088 1.9104 93.4619 10.9484 10.62 :.. 
L2 6.5621 3.0972 1.7882 19.6863 9.5929 47.20 
Pl 14.6913 6.8588 l.9599 44.0738 47.0425 46.87 
P2 18.9572 0.7961 0.4596 56.8715 0.6337 4.20 

" III.c Ste. 21.1508 5.6254 3.2478 63.4525 31.6451 26.60 
LI 71.2962 4.1106 2.3732 213.8885 16.8967 5.17 

.~ 
L2 3.2020 1.4825 0.8559 9.6061 1.1971 46.:JO 
Pl 3.4592 0.5085 0.2936 10.3776 2586 14.10 
Pl 0.8918 0.4813 0.2779 2.6753 0 317 53.98 

IV. St_ 13.4751 11.8091 - 6.8183 40.4253 ll9.4685 87.64 
LI 28.4391 2.6537 1.5321 85.3174 7.0423 9.33 

.- L2 12.8384 16.3616 9.4464 38.5151 267.7032 127.44 
Pl 14.2502 6.101:8 3.5229 42.7507 37.2324 42.82 
P2 30.9972 3.5011 2.0248 92.9915 12.2995 11.31 

~ 

,> 
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Trtllt. Plant 
Part 

1 •• 

Lb 

I.e 

II .• 

II.b 

II.e 

~ 

III •• 

III.b 

Pl 
P2 

Pl 
P2 

Pl 
P2' 

Pl 
P2 

Pl 
P2 

Pl 
P2 

Pl 
P2 

Pl 
P2 

1 
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.... aulyaia : ÎJluraoclal cGlllp.eitioa ae1.dy 
(s.etiOil 4.4; ripre 10) 

MeaD StaDdard StaDdard 
cleviation error of· 

.an 

87.8187 0.7515 
12.1813 0.7515 

77.7140 14.0401 
22.2860 14.0401 

92.5242 4.0430" 
7.4758 4.0430 

97.3114 1.3541 
2.6886 1.3541 

92.3542 7.0036 
7.6458 7.0036 

87.5132 4.'5614 
12.4868 4.5614 

5.5717 1.9667 
94.4283 1.9667 

41.7708 12.5543 
58.2292 12.5543 

0.4339 
0.4339 

8.1061 
8.1061 

2.3342 
2.3342 

0.7818 
0.1818 

4.0435 
4.0435 

2.6335 
2.6335 

1.1355 
1.1l55 

7.2482 
7.2482 

",0 

263.4560 
36.5440 

233.1421 
66.8579 

271.5730 
22.4273 

291.9342 
8.~58 

213.0627 
22.9373 

26%.5397 
31.4603 

16.1152 
283.%848 

125.3125 
114.6875 

V.rUDe. C.V. 
ex> 

0.,5647 0.86 
0.5647 6.17 

191.1249 18.10 
191.1249 63.00 

16.3459 4.31 
16.3459 54.08 

1.8337 1.39 
1.8331 50.37 

49.0510 7.58 
49.0510 91.60 

-
i 

20.8066 5.21 
20.8066 36.53 

3.8680 35.30 
3.8680 2.08 

157.6113 50.06 
157.6113 21.56 

1 .. 
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"", •• dia C' 

trt. 

/ 

4 

1 

C 

D 

! 

p 

\rep. 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1. 
2 
3 

" 

.e-

332 
524 
693 

1377 
4451 
1920 

2249 
4102 
8840 

1581' 
,,1458 

2183 

839 
3187 
1338 

1577 
1440 
2818 

-

Uraaalyad data: *»I»iliziaa potetltial atudy 
(Secti01l 4.3) 

reco.ered activity 
~,. 1~) 

le.f 

3478 
9343 
7043 

2066 
8827 
3542 

2366 
8974 
6558 

3333 
5468 
7406 

3727 
4783 
2001 

4264 
3593 
5960 

peduncle 
unir: 

5647 
11086 
12373 

1845 
5969 
3491 

29 
42 

114 

370 
364 
551 

572 
2589 
1364 

682 
57 

768 

Total 

9457 
26953 
20109 

5288 
19247 
8959 

4644 
l3U8 
15512 

5290 
7290 

10140 

5138 
10559 
4703 

6523 
5090 
9546 

lof total rec~red 
activity 

ste. le.f 

3.51 36.78 
1.94 34.67 
3.45 35.02 

26.04 39.07 
23.13 45.86 
21.43 39.54 

48.43- 50.95 
31.27 68.41 
56.98 42.28 

30.00 63.0~ 
20.00 15.01 
21.53. 13.04 

16.33 72.54 
30~18 45.30 
28.45 42.55 

24.18 65.37 
28.29 70.59 
29.52 62.44 

~ 

peduncle 
unit 

59.71 
63.39 
61.53 

34.89 
31.01 
39.03 

0.63 
0.32 
0.73 

6.99 
4.99 
5.43 

11.13 
24.52 
29.00 

10.46 
1.12 
8.05 

J: 1 • .. 
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&,pendu C6.1 thumalyzed data: internodal ca.petition atudy 
(Section 4.4, Figure 9) 

142 

Trt rep Recovered activity (dpa ''''c> % of total recovered activity 

St_ LI L2 Pl P2 Tot. ~Ste!ll LI L2 Pl P2 

1.a 1 684 3688 688 2316· 296 7671 8.92 48.07 8.97 30.19 3.86 
2 1169 3129 981 4095 599 9973 IL n. 31. 37 9.84 41.06 6.01 
3 851 3704 861 4444 632 10492 8.11 35.30 8.21 42.36 6.02 

l.b 1 1163 5651 452 
2 1716 .4693 598 
3 1481 5342 364 

I.e 1 1335 7343 692 
2 749 3092 216 
3 1178 7838 493 

305 52 7623 15.26 74.13 5.93 4.00 0.68 
930 582 8519 20.14 55.09 7.02 10.92 6.83 
431 69 7687 19.27 69.49 4.74 5.61 0.90 

183 16 9569 13.95 76.74 7.23 1.91 0.17 
103 13 4173 17.95 14.10 5.18 2.41 0.31 
274 9 9292 12.03 BO.04 5.03 2.BO 0.09 

2.a 1 1057 6579 519 10381 186 18722 5.65 35.14 2.71 55.45 0.99 
2 779 3761 485 ,4557 96 9678 8.05 38.86 5.01 47.09' 0.99 
3 892 2833 156 3160 140 7181 12.42 39.45 2.17 44.01 1.95 

2.b 1 1105 10675 129 3927 140 15976 6.92 66.82 0.81 24.58 0.88 
2 593 3276 169 1355 53 5446 10.89 60.15 3.10 24.88 0.91 
3 751 60.~ 87- 2566 479 9906 '7.58 60.80 0.88 25.90 4.84 

\ 

\ 
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t.c 1 981 5733 537 1537 227 9015 10.88 63.S~ 5.96 17.05 2.52 
2 145 3535 7tS 543 110 5658 13.17 62.48 12.81 9.60 1.94 
3 673 4737 540 786 66 6802 9.89 69.64 7.94 11.55 0.91 

3 •• 1 1995 1892 241 
\ 

29 578 4735 42.13 39.96 5.09 0.61 12.21 
2 2795 4385 299 106 1251 8836 31.63 49.63 3.38 1.20 14.16 
3 3171 2812 322 34 790 7189 44.11 39.95 4.48 0.47 10.99 

3.b 1 716 789 167 486 527 2685 26.67 29.39 6.22 18.10 19.63 
2 2692 3103 871 603 1604 8873 30.34 34.97 9.82. 6.80 18.08 
3 2684 2703 339 1781-1780 9287 28.90 29.11 3.65 19.18 19.17 

3.c , 1 2300 7301 311 
2 1143 5729 361 
3 2094 5423 147 

399 146 10457 21.99 69.82 2.97 
278 33 7544 15.15 75.94 4.79 
229 67 7960 26.31 68.13 1.85 

3.82 1.40 
3.69 0.44 
2.88 0.84 

4. 1 163 1865 1915 437 1819 6199 2.63 30.09 30.89 7.05 29.34 
2 2384 3106 424 1850 3020 10784 22.11 28.81 3.93 17.15 28.00 
3 1330 1862 208 1334 2533 7267 18.30 25.62 2.86 18.36 34.85 

l 
l 



Appeadu- C6.2 

rreat.ent '-rep 

1.a 

Lb 

I.e 

II.a 

II.b 

II.c 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

" 

1 

/ 

Unanalyzed data: intemodal ca.petition .tudy 
(Seetion 4.4; Figure 10) 

recovered activity 
1 

(dpm 14c> 

Pl PZ 

2316 296 
4095 599 
4444 632 

305 52 
930 582 
431 69 

1 

/ 

.183 16 
103 13 
274 9 

10381 186 
4557 96 
3160 140 

3927 140 
1355 . 53 
2566 479 

1537 227 
543' 110 
786 66 

PI+P2 

2612 
4694 
5076 

357 
1512 
500 

199 
116 
283 

10567 
4653 
3300 

4067 
1408 
3045 

1764 
653 i1.' 

852 

% of total recovered 

activity 

Pl 

88~67 
81.24 
87.55 

85.43 
61.51 
86.20 

91.96 
88.79 
96.82 

~8.24 
97.94 
95.76 

96.56 
96.24 
84.27 

87.13 
83.15 
92.25 

PZ " 

lL33 
12.76 
12.45 

14.57 
38.49 
B.80 

8.04 
11.21 
3.18 

1.76 
2.06 
4.24 

3.44 
3.76 

15.73 

12.87 
16.85 
7.75 
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III •• 

ltI.b 

III.c 

IV. 

1 
2 
3 

1 
2 
3 

1 
2 
3 

'29 'S78 
106 1251 
34 790 

486 527 
603 1604 

1781 1780 

399 146 
278 33 
229 .7 

1819 2499 
1850 3020 
1334 2533 

1 

607 
1357 
824 

1013 
2207 
3561 

545 
311 
296 

4318 
4870 
3867 

4.18 
7.81 
4.12 

47.98 
27.32 
50.01 

73.21 
89.39 
77 .37 

42.13 
37.99 
34.50 

95.22 
92.19 
95.87 

52.02 
72.68 
49.99 

26.79 
10.61 
22.64 

57.87 
62.01 
65.50 
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Appendix C7 Unanalyzed data and .eans analysia: ti.e/distribution 
study (Appendix Cl) 

Trt rep recovered activity 
(dpm 14c) 

%of total recovered 
activity 

stem leaf peduncle pod total !Item leaf peduncle pod 

6 h. 1 839 4629 
2 355 3308 
3 1328' 5619 

24b. 1 812 
2 999 
3 636 

Treatment 

~ 

2157 
1613 
2134 

plant 
part 

6 hours . stem ' 
1eat 

peduncle 
pod 

596 
322 
794 

1636 
1016 
1212 

mean 

11.9445 
69.2239 
8.4208 

10.4107 

24 hours stem 12.6741 
1eat 29.9257 

peduncle ' 19.4632 
pod . 37.9370 

609 6673 12.57 
543 4528 7.84 
871 8612 15.42 

2630 
2177 
2650 

standard 
deviation 

3.8290 
3.9072 
1.1432 
1.4558 

4.0116 
2.1976 
2.7545 
1.8423 

7235 Llo 22 
5805 17.21 
6632 9.59 

standard" 
error of 

mean 

2.2107 
2.2558 
0.6600 
0.8405 

2.3161 
1.2688 
1.5903 
1.0636 

69.37 
73.06 
65.25 

29.81 
27.79 
32.18 

sua 

35.8335 
201.6718 
25.2625 
31.2322 

38.0224 
89.7711 
58.3895 

113.8110 

8.93 
7.11 
9.22 

22.61 
17.50 
18.28 

variance 

9.13 
11.99 
10.11 

36.35 
37 • .50 
39.96 

c.v. 
(%) 

14.6613 32.06 
15.2663 5.64 
1. 3069 13.58 
2.1192 13.98 

16.0928 31.65 
4.8295 7.34 
7.5871 14.15 
3.3939 4.86 
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Appeadix ce Uaanalynd-- data _ad _ans analyais:' black p laldc banier 
study (Appendix CZ) 

Barrier 
rep 

recovered activity 
(dpal 14c) 

%of total recovered 
activity 

ttea leaf peduncle pod total ste1ll leaf ~duncle pod 

+ 1 933 
2 558 
3 643 

- 1 812 
2 999 
3 636 

.' 

Black 
plastic 
banier 

2507 
1942 
2483 

2157 
1613 
2134 

plant 
part 

1299 
849 

1945 

1636 
1016 
1212 

·3322 
3129 
3893 

2630 
2171 
2650 

8061 
6478 
8964 

7235 
5805 
6632 

11.57 
8.61 
7.17 

11.22 
17.21 
9.59 

.. an atandard atandard 
deviation error of 

lDeaQ 

31.10 
29.98 
27.70 

29.81 
27.79 
32.18 

aua 

16.11 
13.11 
21.70 

22.61 
17.50 
18.28 

41.21 
48.30 
43.43 

36.35 
37.50 
39.96 

variance c.v • 
(%) 


